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IMPORTANT 
NOTICE 


OPHTHALMOSCOPE BATTERIES 


Manufacturers of the dry cells used 
in Hamblin Ophthalmoscopes have 
recently altered their design. The new 
style may short-circuit against the 
stop-ring in the upper end of the 
earlier type Lister-Morton handles. 


To remedy this, the diameter of the 
hole in the stop-ring on all Hamblin 
Ophthalmoscopes now being manu- 
factured has been increased from 7/8 
of an inch to | and 1/16. 


When existing ophthalmoscopes are 
received for routine overhaul, the 
stop-ring will accordingly be altered 
without extra charge. 
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COMMUNICATIONS 


STUDIES ON DEVELOPING RETINAL VESSELS 


V. MECHANISM OF VASO-OBLITERATION 
(A Preliminary Report) 
BY 


NORMAN ASHTON, CLIVE GRAYMORE, AND 
CHRISTOPHER PEDLER 


Department of Pathology, Institute of Ophthalmology, University of London 


SINCE the discovery of the specific effect of oxygen on the immature retina, 
which manifests itself in vasoconstriction leading to total obliteration of the 
ingrowing vascular complexes (Ashton, Ward, and Serpell, 1953, 1954), the 
work of this department has been concerned with experiments designed to 
elucidate the mechanism of this effect. The evidence that the phenomenon 
is entirely confined to vessels actually growing in the retina, and then only 
when the retina is immature and in its normal anatomical position, has been 
recently reviewed elsewhere (Ashton, 1957). Broadly speaking there would 
appear to be three main theoretical explanations for the closure of these 
vessels : 


(1) That hyperoxia in the retina leads to the elaboration of a vasoconstrictor 
substance; 

(2) That retinal hyperoxia leads to the removal of a vasodilator substance 
essential to the patency of the vessels; 

(3) That the vessels close from external pressure. 


Consideration has already been given to the first possibility that hyper- 
oxygenation of retinal tissue might produce a vasoconstricting metabolite, 
which gradually accumulates until the retinal arterioles close in spasm, to be 
followed by passive collapse of the venous side of the circulation, and it was 
suggested that the specific action of this hypothetical factor might be related 
to the immature nerve supply of growing retinal vessels (Ashton and others, 
1954). 

It is difficult to imagine, however, upon what cells in such a primitive 
vascular system such a metabolite could act, especially since we have found 
that known vasoconstrictors do not obliterate growing retinal vessels, and 
that sympathetic innervation is not directly or indirectly concerned in the 
mechanism of oxygen vaso-obliteration (Patz, 1955; Cook and Ashton, 1955). 
Furthermore, we have found that extracts of retinae in which vaso- 
obliteration had been induced (extracts prepared in high ambient concen- 
trations of oxygen) have no effect when injected via the vitreous on to 
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normal retinae in direct-observation experiments on the living animal. 
Nor did such extracts show any evidence of a smooth muscle stimulant as 
tested against preparations of rat colon. The details of this experiment 
were as follows: 


Experiment No. 173 

(1) Two kittens were placed with their mother into an ambient oxygen con- 
centration of 70-80 per cent. for 3 days to ensure total retinal vaso-obliteration. 

(2) The two animals were then immediately transferred to a large perspex 
chamber filled by an atmosphere containing 90 per cent. oxygen, and fitted with 
sealed armholes. They were then killed with Nembutal, and all four retinae 
were removed, homogenized in distilled water, and filtered through a sintered glass 
filter of 28 average pore size, giving an approximate concentration of 40 mg./ml. 
The extract was then divided into two parts, one to be used for Stage (3) and the 
other for Stage (4). 

(3) As soon as the extraction stage was complete, a “limbal window” was 
inserted into the eye of a normal 10-day-old kitten. The animal was then trans- 
ferred to the apparatus for direct retinal observation (Pedler, 1957), and left until 
the retinal vasculature was fully open. 0-1 ml. of the extract from Stage (2) was 
then injected with a fine-bore needle through the vitreous onto the retinal surface 
(Fig. 1). No effect was seen after an observation period of 60 min. This dosage 
was repeated with similarly negative results, and finally 0-1 ml. of the extract was 
given intravenously, again with no visible effect on the retinal vessels. 

(4) The remaining extract was handed to Dr. N. Ambache, who found no 
evidence of a smooth muscle stimulant as tested against a preparation of rat colon. 
This experiment was repeated with an extract from a further four oxygenated 
retinae, again with negative results (Exp. 205). 


While it is realized that these findings by no means exclude the possibility 
that the closure of vessels may be due to active vasoconstriction, the negative 
evidence so far obtained, directly or by inference, discourages the concept. 

The second possibility, that vessel closure is due to the removal of a 
vasodilator substance inherent in the vasoformative process, has also been 
discussed previously (Ashton and others, 1954). It is noteworthy, however, 
that for growing vessels to be obliterated by hyperoxia it is essential for them 
to be actually within the retinal tissue; developing vessels within the vitreous, 
on the iris, or in the cornea are not affected in this way. If oxygen produced 
vaso-obliteration merely by neutralizing a vasoformative substance, it is 
difficult to understand why it should be so remarkably selective, although 
we have suggested that this might be attributable to the peculiar anatomical 
relationship between the retina and choroid. It is a difficult question to 
investigate, however, and we have no conclusive evidence either to deny or 
to support the possibility. 

The third possibility, that the vessels may close through external pressure, 
had been overlooked in our previous discussion on the mechanism of vaso- 
obliteration, but it became apparent as our original hypotheses seemed 
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inadequate to explain all the observed facts. An increase of intra-ocular 
pressure as a result of hyperoxia can be excluded as a cause of the oxygen 
effect: first because compression of the globe does not produce the picture 
of vaso-obliteration (Ashton and Pedler, 1957) and secondly because oxygen 
vaso-obliteration has been observed in the opened eye. But could the 
process of vaso-obliteration be partly or wholly due to swelling of the cells 
or tissues surrounding the blood stream? 

Although it is known that endothelial cells have the property of swelling 
when subjected to irritating stimuli (Krogh, 1922), we can probably exonerate 
them here as oxygen vaso-obliteration does not occur in growing vessels 
outside the retina. Swelling of the retinal tissue, however, remains a 
possibility, and in considering one of the ways in which this might theoretic- 
ally occur we were led to some new and interesting findings. 

The hypothesis upon which our experiments were based was as follows. 
Until recently it has been the orthodox view that the cells of the body are in 
osmotic equilibrium with their extracellular environment; that is, their 
contents are isotonic with the blood plasma. It would now appear that 
this is the exception rather than the rule (Bartley, Davies, and Krebs, 1954); 
in fact, it has been estimated that the osmotic pressure of the cell fluids is 
normally 50 to 100 per cent. greater than that of the extracellular fluid 
(Robinson, 1950). If these findings are substantiated, the idea of the 
osmotic equilibrium being governed solely by the physical properties of cell 
membranes would no longer be tenable, and it would be necessary to postu- 
late that the water content of the cell, and therefore the cell size, is dependent 
upon some dynamic process involving a continuous supply of energy. 

That this concept of osmo-regulation may be correct is suggested, for 
instance, by the ability of some cells of the renal tubules to maintain a 
normal internal environment despite the variable tonicity of the urine which 
bathes them. In fact, this consideration led Robinson (1950) to investigate 
the behaviour of tissue slices cut from the kidneys of normal adult rats. 
By measuring the oxygen consumption and the amount of water in the 
tissues under varying conditions, he found that respiration was in fact more 
important than the osmotic pressure of the external media in determining 
the amount of water in the cells. When respiration was inhibited by cyanide, 
water passed into the cells. In short, the energy for the transport of water 
across the cell membrane was in this case derived from cell respiration. 

It is interesting to note in his experiments that the imbibition of water 
was a rapid process, being almost complete in 2 minutes and then maintained 
for several hours. It has been suggested that this steady-state exchange 
depends on energy-driven “pumps” located in the mitochondria, as these 
structures when isolated from the cell can be shown to do osmotic work by 
moving substances against concentration gradients (Bartley and others, 1954). 

Although there is not complete agreement on the existence of these 
pumping mechanisms, it having been denied that the cell is significantly 
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hypertonic and claimed that cellular swelling is isosmotic in nature (Mudge, 
1956), the cardinal point that tissue cells swell when placed in an environment 
where the metabolism is inhibited is not in question. Some years ago, 
Trowell (1946) showed that liver cells when subjected to anoxia increased in 
size because of the passage of water into the cells. This process he described 
as “intracellular oedema”, although in this instance he did not attribute it 
to osmotic absorption. 

Returning now to the retina, it will be scalded that it has the highest rate 
of respiration of any tissue (Warburg, 1927) and a higher rate of glycolysis 
in air than most other tissues. As early as 1924 it had been suggested, by 
Warburg, Posener, and Negelein, that the various layers of the retina 
possessed their own peculiar metabolism, some of the cells being responsible 
for the high glycolytic activity, while the others were almost completely 
oxidative in character. This suggestion was later strongly supported by 
other workers (Sjéstrand, 1953; Strominger and Lowry, sid Lowry, 
Roberts, and Lewis, 1956). 

In both monkey and rabbit it would appear that the rod inst cone layer is 
predominantly concerned with oxidative metabolism, while the inner layers, 
especially of avascular retinae as in the rabbit, are predominantly glycolytic 
in activity. The immature retina, at a stage when oxygen vaso-obliteration 
may be obtained, differs from the mature retina in the important respect 
that retinal vascularization is still developing, so that it is reasonable to 
suppose that the metabolism of the inner layers of such a retina may be 
predominantly glycolytic. Indeed, we have already deduced from numerous 
experiments that the immature retina probably has a metabolism differing 
from that in the mature retina. 

If such is the case, it would follow that fluid exchanges through the walls 
of the inner retinal cells—and, therefore, the cell-size—might be dependent 
upon energy derived, not from respiration but from glycolysis. With these 
considerations in mind, we argued that, if swelling of the cells is an important 
factor in the obliteration of retinal vessels by oxygen, then the inhibition of 


glycolysis by known enzyme poisons might also lead to vaso-obliteration. 
We have therefore investigated the action of two well-known inhibitors 


of glycolysis. 


(1) Sodium Fluoride.—The in vitro fluoride inhibition of glycolysis has 
been demonstrated repeatedly in many tissues, The norma) phosphorylating 
glycolytic route is thought to occur in the retina, and it has been confirmed 
that this system is particularly sensitive to fluoride (Dickens and Greville, 
1932), which interrupts the glycolytic sequence at an early stage, and inhibits 
the production of lactic acid (Kerly and Bourne, 1940). Both phospho- 
glucomutase (Najjar, 1948) and enolase (Warburg and Christian, 1942) are 
inhibited by fluoride, presumably by the effective removal of essential Mg 
ions by complexing with fluoride and phosphate. 
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(2) Sodium Iodoacetate.—This is a general poison for SH enzymes and 
thus has a rather wide and non-specific effect. It is a strong glycolytic 
inhibitor, irreversibly inhibiting phosphoglyceraldehyde dehydrogenase in 
low concentrations (Rapkine, 1938). This is one of the important energy 
“trapping” stages in glycolysis, and as the other important step, namely, 
that catalysed by enolase, occurs further down in the metabolic sequence, 
the effect of interrupting glycolysis at, the phosphoglyceraldehyde stage is 
obvious. Glycolysis will cease to be an effective source of energy. As in 
the case of fluoride, iodoacetate inhibits the production of lactic acid in the 
retina; it produces a characteristic rod cell degeneration, which has been 
attributed to glycolytic inhibition (Noell, 1952). 


I. SODIUM FLUORIDE EXPERIMENTS 

Two solutions of sodium fluoride were prepared, the first isotonic with 
normal blood at 0-61 gm./100 ml., and the second a hypertonic saturated 
solution. Glass-distilled water was used and the pH adjusted to 7:1. The 
figure for isotonicity was obtained both by calculation and by direct test on 
the kitten’s red blood cells, crenation and swelling being taken to indicate 
hyper- and hypotonicity respectively. 

The sodium fluoride was injected through the sclera onto the retinae of 
kittens in which limbal windows had been inserted. The effect on the 
retinal vessels was then studied by direct observation. The details were 


as follows: 

A very fine-bore needle (“‘Record” 3/10 mm. 4 in.), attached to a 1-ml. tuber- 
culin syringe, was gently inserted through the sclera just posterior to the rim of 
the limbal window, and its tip guided towards the retinal surface. When the 
position of the needle was satisfactory, the 
fluid was injected so that it remained in 
the form of a localized bleb just within the 
confines of the vitreous (Fig. 1). In 
different experiments, doses varying 
between 0-1 and 0-5 ml. were given. 

Only one intravenous injection of 
isotonic fluoride was administered, and in 
this experiment 4-2 ml. were injected. 


A remarkably consistent series of 
events was observed in nearly all the 
experiments with sodium fluoride; these 
will be described below in the order in 
which they occurred and reference to 
Table I (overleaf) will show the exact 5, 1 _niagram showing method used for 


times after injection when the changes injecting the vitreous in direct-observation 
experiments on the retinal vessels. The 


first appeared and when they were fully anterior ocular structures have been replaced 


developed. with a limbal window. 
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TABLE I 
SODIUM FLUORIDE EXPERIMENTS 



































Experiment | Animal ae Weight ae O61 | ‘Started | Maximum 
o. No. FA | g. | advan (min) (min.) 
ee ea en ae ae ee ee ae 
ger Pig Be es Ree ae" 

ie es qjesteee 
186 1 9 260 L 0-5 5 18 
EE RS eG ae L ey Gee ee ae 
eS ee See eS ee. 
CCC 
194 1 7 215 L 0-2 1 23 
195 1 1 195 | R 0-2 3 20 
197 | 1 | 14 | 230 | R | 02 | 1 5 





The Table shows the time taken for retinal vaso-obliteration to appear and to develop fully 
after the intravitreal injection of isotonic sodium fluoride in ten experiments. 


(1) Sequence of Changes 

The first change in the retinal vasculature occurred a few minutes after 
the administration of the isotonic fluoride and consisted of a rapid and 
marked venous distension. This occurred primarily in the three main vessels, 
but quickly spread to involve the branch veins and venules until the whole of 
the venous side of the circulation became grossly distended. Those experi- 
ments where the optic disc was clearly visible also showed that simultaneously 
with the appearance of venous distension there occurred an apparent swelling 
of the optic disc with nipping of the veins as they entered its periphery 
(Fig. 2, opposite). Soon after the venous engorgement became apparent 
the precapillary arterioles showed a progressive narrowing, until finally 
they disappeared altogether. The main arteries were the next to close, and 
these did so in the same manner as the smaller branches, completely 
disappearing from view. During the period in which the arterial closure was 
maximal, a milky-white reflex developed within the substance of the retina. 
Meanwhile the blood flow in the veins became progressively slower, until in 
the majority of experiments a pulsatile oscillation appeared of the same 
frequency as that of the arterial pulse, and no forward movement of the 
blood column could be seen. When 20 minutes had elapsed after injection, 
it was usual to find an almost completely avascular retina surrounding the 
point of injection, presenting perhaps one or two dilated veins and isolated 
patches of capillaries showing complete stasis. In one exceptional case (Exp. 
197), complete obliteration occurred in 5 minutes. 
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Fic. 2.—Retina showing the 
fluoride effect on the retinal 
vessels in the disc region. The 
disc and hyaloid artery may 
be seen on the extreme left of 
the picture. Note that the 
optic nerve fibres stand out 
distinctly, and the arteries and 
capillaries are largely obliter- 
ated, while the vein is markedly 
engorged and constricted as it 


enters the disc. x 





Finally, the fragmented stagnant blood columns in the remaining veins 
were replaced by a clear fluid containing only a few red cells. This apparent 
haemodilution coincided as a rule with the cessation of the oscillation 
previously mentioned, and with the resumption of flow in the normal 
direction. 

In summary, 0:2 ml. isotonic sodium fluoride when injected into the 
vitreous will consistently produce complete or almost complete vaso- 
obliteration in the retina within an average period of 20 minutes, Similar, 
and also larger, quantities of sodium fluoride instilled onto the vessels of the 


conjunctiva and onto the vessels of the exposed omentum were without effect. 


Control Experiments, using saline solution and distilled water under 
exactly similar experimental conditions, produced no vaso-obliteration 
whatever, thus effectively demonstrating that the vascular closure resulted 
from the introduction of sodium fluoride only, and not, for example, from 
the injection of a cold fluid or indeed from raising the intra-ocular pressure. 
In one experiment, in order to be certain that the injected fluoride actually 
reached the surface of the retina, the solution was coloured with aqueous 
methylene blue. Immediately after administration, this could be seen lying 
on the retina in the form of a localized bleb of colour, which slowly became 
diluted, and diffused evenly outwards over the retinal surface. 

The changes which have been described were usually localized to the area 
immediately surrounding the point of injection, so that the vessels elsewhere 
in the retina were affected only after a long period if at all. In several 
experiments (Exps 177, 188, 193, and 194), the retinae were observed for some 
hours after total vaso-obliteration. In these it was noted that a considerable 
degree of vessel re-opening occurred, mainly in the reverse direction to that 
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of the obliterative sequence, that is to say, the veins were the first to re-open 
and the main arteries the last. The actual time after injection at which the 
vessels started to re-appear was variable, but on the average some re-opening 
was visible after 30 minutes. 

It was mentioned above that the veins which did not fully close were filled 
by a clear fluid during the period of maximum vaso-obliteration. Once it 
was seen that re-opening had begun, this clear fluid was gradually replaced 
by blood until the vessels had once again attained a fairly normal appearance. 
Those veins which were fully closed, however, re-opened and filled with 
blood, but contained no normal blood flow, suggesting that there was still 
a central block in operation. 

Apart from the actual vaso-obliteration, one of the most striking observa- 
tions made during this series of experiments was that after fluoride injection 
the retina appeared to swell up on each side of the obliterated vessels (Fig. 3) 
so that, instead of lying superficially, they appeared to recede deeply within 
its substance. This appearance gradually became more marked as the 
experiment progressed, until the retina eventually detached from the choroid, 
and this appeared to occur more readily in those areas where maximum 
vessel closure was obtained. As soon as this occurred, there was a complete 
re-opening of all the vessels overlying the detached area, even though the 
attached portions showed complete vaso-obliteration. 








Fic. 3.—In the sodium fluoride effect, obliterating vessels appear to recede deeply into the 
retinal tissue. The above diagrams (before and after fluoride) show how this might be 
due to swelling of the retinal tissue. 


(2) Effect of Intravitreal Injection of Hypertonic Solutions 


In four direct-observation experiments, hypertonic solutions were injected 
into the vitreous after complete vaso-obliteration had been induced by isotonic 
sodium fluoride. In the first two (Exp. 177), 30 per cent. sodium chloride 
was used, and in the others (Exp. 186) 18 per cent. sucrose in distilled water. 
In all cases, a rapid and complete re-opening of almost the entire vasculature 
took place. The appearance of these vessels, however, differed from those 
seen during a spontaneous re-opening after fluoride obliteration in that a 
functional blood flow was never re-established, the blood column within 
them appearing as a series of stationary beads, in spite of the fact that the 
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vessels were widely dilated. These appearances were due to intravascular 
coagulation. 

In two experiments (Exps 186 and 208) where hypertonic sodium fluoride 
was injected instead of the isotonic solution, the vaso-obliterative effect was 
less complete and re-opening of the vessels occurred more readily; but these 
experiments in themselves are inconclusive. ' 


(3) Intravitreal Fluoride with Survival 

In order to compare the fluoride effect with oxygen vaso-obliteration as 
seen in retinae injected with Indian ink, it was decided to try the effect of 
intravitreal fluoride in the intact eye. Accordingly 0-1 ml. of isotonic sodium 
fluoride was injected into the vitreous in three anaesthetized kittens at 
different intervals, and the animals were then killed by the intraventricular 
injection of Indian ink, so that we were able to examine the six eyes 15 
minutes, 40 minutes, 4 hours, 8 hours, and 24 hours after injection (Exps 179 
and 190). When the excised eyes were subsequently opened and examined, 
it was found somewhat surprisingly that all the vessels were fully open, and 
that there had apparently been no vaso-obliteration. These findings sug- 
gested that either the sodium fluoride had not produced vaso-obliteration, or 
that the intraventricular injection of Indian ink had re-opened them. . An 
experiment was therefore carried out in order to determine which of these 
two possibilities was correct. 

A limbal window was inserted into the eye of a 6-day-old kitten, and vaso- 
obliteration was produced by the intravitreal injection of 0-2 ml. isotonic 
sodium fluoride. Complete vaso-obliteration had been produced 22 minutes 
after injection. The left side of the chest was then opened, and Indian ink 
injected through the tip of the left ventricle. It was immediately seen that 
all the previously closed vessels re-opened at once and completely filled with 
Indian ink (Exp. 192). 

These experiments demonstrated the danger of interpreting Indian ink 
injection as a measure of vessel closure, and again emphasized that the 
method should be used rather as a measure of the ability of the vessels to 
re-open. 


(4) Direct Observation and Intravenous Sodium Fluoride 

Only one attempt was made to observe the effect on the retinal vessels of 
intravenous isotonic sodium fluoride; it was found that almost complete vaso- 
obliteration could eventually be produced in the immature retina by repeated 
doses (total =4-4 ml. 0-61 per cent. solution), but only after the animal had 
received a lethal dose and was at the point of death (Exp. 177). 


(5) Intravitreal Fluoride in Adult Cats 


In two adult cats, isotonic sodium fluoride was injected into the vitreous 
under direct-observation, so that any effect upon the vessels could be recorded. 
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In all cases, neither vasoconstriction nor vaso-obliteration was seen as a 
result of the injection, even after relatively coarse procedures such as removing 
the vitreous and replacing it with 0-61 per cent. sodium fluoride solution 
(Exps 180 and 198). 


II. SODIUM IODOACETATE EXPERIMENTS 


In four kittens, varying in age between 8 and 10 days, and in weight 
between 165 and 275 gm., the effect of intravitreal injections of 0-154 molar 
solutions of iodoacetic acid (neutralized with sodium hydroxide to a pH 
of 7-2) was noted six times, using the same technique as that described for 
the sodium fluoride experiments (Exps 201, 202, 206, and 207). In all cases 
some vessel closure was observed, and in three of them complete vaso- 
obliteration was produced at the site of injection. In general, the appearance 
and order of vessel closure was the same as that observed after sodium 
fluoride injection, the main difference being the rate at which closure appeared. 
Whereas, in the case of fluoride, maximum obliteration developed about 20 
minutes after injection, the closure brought about by sodium iodoacetate 
began as soon as the dose had been given, and was at its maximum 2 to 4 
minutes afterwards (Table II). Similarly, some spontaneous re-opening of the 
vessels was seen, but again this occurred without significant restoration of the 
normal blood flow. 























TABLE II 
SODIUM IODOACETATE EXPERIMENTS 
Dose 
Experiment | Animal Age Weight Eye (ml. 0-154 Pa Bacall 
No. No. (days) (g.) I (min.) (min.) 
solution) sass os 
, 0-2 1 Zz 
201 1 10 175 
| R 0-2 1 3 
202 1 8 165 L 0-2 1 Animal 
died 
206 1 9 275 a 0-2 <1 1 
0-2 <1 4 
207 1 10 275 
0:2 <1 2 


























The Table shows the time taken for retinal vaso-obliteration to appear and to develop fully 
after the intravitreal injection of isotonic sodium iodoacetate in six experiments. 


CONCLUSIONS 
These experiments have therefore shown that oxygen vaso-obliteration 
can be very closely mimicked by introducing sodium fluoride or iodoacetate 


into the vitreous. As in the case of oxygen, the effect is confined to develop- 
ing vessels in the immature retina, and it is similarly reversed by retinal 
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detachment. It is tempting to believe that the two processes share a common 
mechanism, but at the present time we have very little evidence that this is so. 
Nor have we yet shown that the hypothetical considerations which led us to 
devise these experiments, namely, the inhibition of glycolysis with a break- 
down in osmo-regulation, are in fact those operating in the fluoride and 
iodoacetate effect. 


In the fluoride effect, the possibility that the vessels may be obliterated by 
the passage of fluid into the retina is supported by several observations: 
separation of the nerve fibres and constriction of the veins at the disc, 
depression of vessels in the retinal substance, development of a milky-white 
opacity as the vessels close, and reversal of vascular closure by injecting 
hypertonic solutions into the vitreous. 


There are, however, so many ways by which irritant chemicals, such as 
sodium fluoride or iodoacetate, might produce these changes that it is not 
possible without further work to hold their enzyme-inhibitory properties as 
alone responsible. Furthermore, although their failure to produce oblitera- 
tion in adult retinal vessels might be taken to imply metabolic differences, 
other factors, such as variation in the structure of the retina and its vessels 
or in the blood pressure within the vessels, must be taken into consideration. 
This is all the more important since we have been unable to reproduce vaso- 
obliteration in the adult retina even with enzyme poisons, which might be . 
expected to arrest completely retinal metabolism, such as cyanide (Robbie 
and Leinfelder, 1948), or a combination of cyanide and sodium fluoride, or 
mercury salts. 


By histological methods, intracellular or extracellular oedema in the inner 
layers of the retina can readily be demonstrated in kittens subjected to 
oxygen, sodium fluoride, or iodoacetate, but experience has shown that such 
appearances must be assessed with caution, for it is one of the commonest 
histological artefacts seen in eye sections. We have found it also in a few 
control animals, but this does not exclude fluid imbibition as a possible cause 
of vaso-obliteration, since it is to be expected that cells or tissues dying in 
fixative might well undergo terminal osmotic changes and present appearances 
identical with those we are seeking. Similarly, the various processes of 
dehydration to which histological material is subjected greatly adds to the 
difficulty in interpreting negative findings. 

The problem is clearly a highly complex one, and much more evidence is 
required before fluid imbibition in the retina can be incriminated as the 
cause of vaso-obliteration, but this report on the action of sodium fluoride 
and iodoacetate, together with the considerations which prompted their 
investigation, are presented now in a preliminary form to show the direction 
in which our experiments are leading us, and to emphasize the possible role 
of increased intra-retinal tension in vaso-obliteration, a mechanism which 
has not previously been considered, either by ourselves or by other workers. 
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SUMMARY 


Some mechanisms which might be involved in the phenomenon of oxygen 
vaso-obliteration are discussed. On the hypothesis that the vessels might 
close through external pressure from fluid imbibition into the retina as a 
result of an interruption in glycolysis, we have investigated the action of 
sodium fluoride and sodium iodoacetate, which are well-established glycolytic 
inhibitors. 

It was found that both these substances when injected into the vitreous of 
the living kitten gave rise to total obliteration of the retinal vessels in a 
manner closely resembling that induced by oxygen exposure. In a similar 
way, the vaso-obliteration is confined to the immature retina, no effect having 
been observed in adult cats or in extra-ocular vessels, and, as in the case of 
oxygen, the vessels re-open when the retina becomes detached from the 
choroid. 

Reasons are given for believing that the fluoride effect may be due to 
swelling of the retinal tissue around the vessels. However, it is not yet 
established whether this idea is correct. Nor is it known whether the 
mechanism of oxygen vaso-obliteration is related to that obtained with 
sodium fluoride or iodoacetate, but it is reasonable to expect that it may be, 
and the suggestion is made that future work should further explore this 
possibility. 


We are indebted to the Medical Research Council for providing a grant towards the expenses 
entailed in this work. 

We should like to thank Dr. N. Ambache for his kind co-operation in two of our experiments. 
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OBSERVATIONS ON PHOTOCHEMICAL REACTIONS 
IN LIVING EYES* 


BY 


R. A. WEALE 


Visual Research Division, Medical Research Council Ophthalmological Research Unit, 
Institute of Ophthalmology, London 


Introduction 


LIGHT entering an eye loses some of its intensity as it traverses the ocular 
media and the retina. Part of the light reaching the fundus is reflected, re- 
traverses the retina and the ocular media, and emerges from the pupil. The 
intensity of the emerging beam can be measured: its ratio to the intensity 
of the light originally entering the eye (R,) depends on reflection losses at 
the ocular interfaces and at the fundus, on losses due to scattering, and on 
absorption losses. In particular, it is possible to record changes in R, as 
due to changes in any of these factors. The eye having been in the dark for 
about an hour, R, can be measured with various monochromatic lights of 
low intensity. When the eye is subsequently exposed to light from a strong 
source, photo-sensitive, light-absorbing material, which accumulated in the 
retina during dark-adaptation, is bleached. If the same monochromatic . 
radiations are used to re-measure the fraction of light R, emerging from the 
eye, R, is generally found to have increased: more light emerges from the 
eye because the act of bleaching has removed light-absorbing material. The 
change in R,, expressed as 4 log R, can be plotted against the wavelength 
A, and a difference spectrum obtained. Its shape and spectral location is 
characteristic of the photo-sensitive material removed by the bleaching 
radiation. 

The emphasis has recently been, not unnaturally, on the characterization 
of visual pigments in living eyes rather than on a study of their behaviour 
as a result of the exposure to light. There is little doubt, however, that, 
from the point of view of understanding vision, a knowledge of the behaviour 
of pigments immediately after exposure to light is important. Three brief 
notices are of interest in this connexion. Wulff, Abrahamson, Adams, and 
Linschitz (1956) examined the densitometric properties of cattle visual 
purple solutions by flash photolysis combined with spectro-photography; 
Hagins (1956) followed the time course of the retinal pigment density in 
enucleated rabbit eyes; Weale (1956a) used a spectro-photographic method 
in the study of pigments in living cat and rabbit eyes, and this is described in 
greater detail in the second part of this paper. The first part, however, deals 
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with some earlier observations made on the behaviour of cat (Weale,1953a, b) 
and frog retinae after the eye had been exposed to white light, a photometric 
method (Weale, 1951, 1953c) of measuring R, being used. These experi- 
ments first revealed the need for examining eyes with the greatest possible 


speed. 


Method A 

The apparatus consisted of a Hilger Barfit monochromator and a photometer 
(Fig. 1). The monochromator was illuminated with a tungsten ribbon filament 
lamp, Ilford bright spectrum filters Nos. 622-6, 607-8 being used to reduce the 
effect of scattered light. Light emerging from the exit-slit S of the monochromator 
was rendered parallel by the photometer lens L;. The photometer prism (P), half 
of a diagonal plane of which was silvered, divided the beam into two equal parts. 
One of these, the matching beam, was focused by the lens L2 on to a magnesium 
oxide surface M. The other, the testing-beam, was reflected by the silvered part 
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Fic. 1.—Diagram of apparatus (not to scale): Method A. 
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of the prism P, and focused by L; onto the animal’s fundus F. Each beam 
returned after reflection at M and F respectively along a path adjacent to that of 
its parent. Consequently, the beam from M could be reflected by the posterior 
face of the prism mirror at P, and the beam from F could by-pass it. Hence, the 
two beams were juxtaposed and brought to a common focus U by the lens L,. 
If an observer’s pupil coincided with this focal point he saw lens L, in Maxwellian 
view. Use of the neutral density wedge W in the path of the matching beam en- 
abled him to equate the luminances of the two beams at any wavelength. The 
apparatus was calibrated in a standard manner (cf. Weale, 1953c). 

B was a 12v 48 wear lamp. The reflecting prism R made it possible to focus 
its filament on the animal’s fundus and to bleach the retinal photo-sensitive 
material. The intensity and spectral distribution of the bleaching beam could be 
controlled by suitable filters placed* at T (R was removed during the act of 


measurement). 


A cat, anaesthetized with pentobarbitone sodium, decerebrated, and curarized, was 
positioned in front of a reflectometer as previously described (Weale, 1953c). The eye 
was exposed to white bleaching light (Sa). In the present experiments, the luminance in 
the plane of the pupil was approximately 57,000 mL. Since the ocular refraction had 
been neutralized with a contact lens (Weale, 1953b), and the transmission of the cat’s 
crystalline lens is high, this is the retinal illumination to a first approximation. When the 
light was switched off after 3 minutes, the reflexion factor R, was measured every minute 
with light of one particular wavelength. In general, the rate at which R, decreased was 
consistent with the view that visual purple was regenerating. In some animals, however, 
the rate of regeneration was uncommonly fast (Weale, 1953a, b). This necessitated more 
frequent observations. In this manner, it was possible to obtain a regeneration curve 
(change in density 4D = - A log R,) for several wavelengths which reached a maximum 
after about 1 minute. A plateau having been reached, the eye was exposed to the 
bleaching light for the same period as before (when the eye reacted “rapidly”, the 
bleaching period was reduced to 1 minute) and R, was redetermined after the light had 
been switched off. The data were accepted only if the value agreed with the initial value 
previously obtained. This procedure was repeated for various test wavelengths. Hence 
a given cat could be examined with test-lights of several wavelengths in turn, control 
measurements at a given wavelength included. 

The experiments were extended to frogs (Rana temporaria), dark-adapted during the 
night, and pithed and decerebrated in deep red light. Rather than embark on the pro- 
longed measurements of re-accumulation as had been done in the cat (Weale, 1953b), the 
intention was to measure bleaching spectra such as those obtained for guinea-pigs and 
grey squirrels (Weale, 1955a, b). When the animal had been rendered immobile, it was 
immersed in a can filled with water, so that its left eye came to be placed near a vertical 
plane glass window (Weale, 1956b). This arrangement facilitated both the neutralization 
of the corneal refraction and temperature control. When R, had been measured for the 
dark-adapted eye, the latter was exposed to white light (1,450 mL) for 30 sec., and R, 
was redetermined. Surprisingly, a rapid effect—shown by a fast reduction of R,—was 
observed. Again, it was measured for several wavelengths and controls were done at 
a given wavelength. , is lower in the frog than in the cat; hence these measurements 
were more difficult to obtain. 

The migration of the pigment granules of the retinal epithelium did not interfere with 
these measurements which were complete long before it had become appreciable. One 
of the two eyes of a dark-adapted frog was exposed to the bleaching light under the same 
conditions as those which prevailed during the previous experiments. The eyes were 
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then excised, immersed in Kolmer’s fixative for cold-blooded material, and embedded in 


wax. 8 sections were then cut, and stained with Azan stain. There was no visible 


difference between the sections from the exposed and the unexposed eyes respectively. 


Method B 

The above experiments made it desirable to record the whole spectrum rapidly. 
It takes a long time to obtain measurements at a sufficient number of wavelengths 
to yield a picture of the photochemical processes involved. The present spectro- 
photographic method was designed to minimize this difficulty. Disregarding the 
time of dark-adaptation, even a detailed experiment can be completed in 4 to 
5 minutes. (A price for this saving, however, is paid in the subsequent densito- 
metric analysis). Although another technique, now being developed, is super- 
seding the spectro-photographic method, the results obtained with the latter are 
of sufficient interest to merit consideration. 

(a) Apparatus.—Light from a Xenon arc A (type XBO162) was collected by the lens 
L,, and passed through a shutter S (Fig. 2) and the cell C. The right-angled prism P, 
(the hypotenuse of which was silvered and protectec with shellac) deflected the beam into 


the animal’s eye. The dioptric apparatus of the ‘atter was neutralized by means of a 
contact lens as before. The achromatic lens L2 imaged the fundus on the lower part of 


the entrance slit E (divided horizontally by means of a metal strip) of a Hilger 
spectrograph. A spectrum was thus formed on the ground-glass screen or photographic 
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Fic. 2.—Diagram of apparatus (not to scale): Method B. 
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plate at G. The original telescope lens of the spectrograph was replaced with one having 
a shorter focal length in order to increase the luminance of the image. 

A plane mirror, placed above the animal’s eye at Y, reflected a portion of the incident 
beam onto the upper half of the slit E. This beam provided a monitoring spectrum, 
variations in the intensity of which were due solely to fluctuations in the Xenon arc. 
Density changes on the photographic plate, due to this cause, could therefore be com- 
pensated. 

The angle subtended by the lens L; at the animal’s pupil was 3°. By virtue of the 
narrowness of the entrance slit only a much smaller but undetermined retinal area was 
examined. This may be thought to be an inefficient arrangement, unless one considers 
that the governing factor is the adequate exposure of the photographic plate. Exposing 
a retinal area which is not photographed cannot affect the record. If an optical arrange- 
ment were used to concentrate the surplus light into the area which is photographed, the 
density of the filter F,; would have had to be increased to reduce the exposure. 

The effective slit width was 3-3 my at 480 my, 5-9 my at 546 my, and 9-4 my at 644 mu 
in the experiments on cats, and was increased by 50 per cent. in those on rabbits. 

For bleaching purposes, use was made of the Xenon arc or of a subsidiary source, a 
microscope lamp M. A filter F, controlled the spectral distribution of the bleaching 


light which reached the eye by the movable mirror R. . The lamp filament was focused 
on the fundus. 


(b) Animals.—Cats and albino rabbits were examined. The cats were anaesthetized 
with pentobarbitone sodium, decerebrated, and curarized. The rabbits were anaes- 
thetized with urethane, and curarized. Artificial respiration was applied in all cases. 
Only one animal (a cat) died during an experiment. 


(c) Procedure.—The animal’s head was firmly secured in a suitable head-clamp and 
the left eye positioned at Y (Fig. 2). Rabbit fundi are substantially alike; hence, the 
appropriate photographic exposure had to be determined only once. The variability of 
the cat tapetum, however, made it necessary in each case to expose and develop a pilot 
plate in order to arrive at the optimum conditions. This done, the animal was dark- 
adapted for 14 hrs. A fundus spectro-photograph was taken and the photographed part 
of the fundus was exposed to the bleaching light for a timed period. Another spectro- 
photograph was taken within 2 sec. after the bleaching light was switched off. This 
course was repeated five or six times, and the final bleaching done. The densities on the 
plate were then calibrated: neutral density filters of nominal values 0-1, 0-21, and 0-32 
were placed in turn at F,, and fundus spectro-photographs were taken on the same plate. 
Finally, line-spectra of a Cd-Hg lamp H were photographed at the top and bottom of 
each plate, the reflecting prism P, having been inserted for the purpose. The plate was 
developed immediately afterwards. The animal was dark-adapted once again, and, in 


favourable circumstances, three periods of dark-adaptation and sets of exposures could 


be obtained from one animal. 


(d) Photographic Technique.—The fastest obtainable plates, Kodak P 2000, were used. 
Their high sensitivity to light of relatively long wavelengths had to be balanced with a 


red-absorbing filter in order to avoid over-exposure. A 1 per cent. solution of Azan, 
diluted to 1:4 or 1:8 and contained in the cell C, was used for this purpose. Two pieces 
of heat-absorbing glass were stuck to the cell. The overall exposure was controlled by a 
neutral density filter at F,;. The time of exposure was kept at 1/5 sec. to minimize the 
effect of the flicker of the A.C. source. Exposures of 1/50 sec. were feasible but imprac- 
ticable. The source could not be run off D.C., but the longer exposure time ensured 
adequate integration. 


(e) Densitometry.—All the spectro-photographs were examined with a Hilger micro- 


densitometer. The plate was aligned by means of the two line-spectra at the top and 
30 
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bottom respectively. A zero position was then selected in the unexposed region beyond 
the long wavelength limit for each fundus spectro-photograph and the relative trans- 
mission factor of the spectra measured. The vernier scale of the instrument, attached 
to the screw which moved the plate across the measuring beam, was calibrated in terms 
of the known wavelengths of the line spectra, intermediate positions being found by 
interpolation. It was thus possible to measure and to compare the transmission factors 
of the spectro-photographs on any one plate for any chosen wavelength. ‘The stability of 
the instrument and the position of the plate were frequently checked during each set of 
measurements. 

The densities of the monitoring spectra were measured at one wavelength only, any 
variation in this density being the same in different parts of the spectrum. This would 
be expected except in grossly under- or over-exposed parts of the spectrum. Corrections 
due to such variations were applied to the fundus spectro-photographs. 

Before the difference spectra could be evaluated, it was necessary to plot a calibration 
curve for each wavelength and plate. This was done by subtracting the densities ob- 
tained with the 0-1, 0-21, and 0-32 filters respectively from the density values of the 
spectro-photograph corresponding to the bleached fundus. The filters had been cali- 
brated between wavelengths 390 and 650 my with a Hilger SP 600 spectro-photometer; 
hence the calibration curves related the plate densities to true densities. The curves were 
in general rectilinear, the slope agreeing with that obtained for the relevant monitoring 
spectra. This provided a check for the stability of the fundus while the calibration 
photographs were taken. 

The plate density differences—always referring to the ‘‘fully bleached” spectrum—were 
then calculated, the true density differences were read off the curves, and difference 
spectra were plotted in the usual manner. Examples of “dark-adapted” and “‘fully- 
bleached’’ spectrophotographs (rabbit) are shown in Fig. 3. 









monitoring spectrum———> 
dark-adapted spectrum——> 
monitoring spectrum———_> 
light-adapted spectrum——> 


Cd-Hg spectrum————_—_—_> 


Fic. 3.—Spectrophotograph obtained for a rabbit fundus. The long spectra 
monitor the intensity of the source of light. 


Top: First photograph after 14 hrs dark-adaptation. 
Bottom: Final photograph after bleaching with white light. 
The line spectra were obtained from a Cd-Hg lamp. 


(f) Type of Experiments Performed.—The factors which varied in these experiments 
were the duration, intensity, and spectral distribution of the bleaching light. The effect 
of a single flash used in taking the photographs was measured. White light of varying 
intensities and durations was also used. Chromatic partial bleaches were done by placing 
different Ilford filters in turn at F,. In all cases, however, the experiment was completed 
by bleaching with white light of full intensity. The study of dark reactions was vitiated 
by complications due to regeneration. Photometric measurements of the luminances 
employed are shown in the Table (opposite). 











PHOTOCHEMICAL REACTIONS IN LIVING EYES 467 


TABLE 
LUMINANCE (mL) IN THE PLANE OF THE ANIMAL’S PUPIL 





























Fig. 6 A .. | Photographic Exposure 710 
Fig. 7 (a) Rabbits .. | Photographic Exposure 3,300 
White Bleaching Light (microscope lamp M) 7,600 

Fig. 7(6) Cats .. | Photographic Exposure |*Plate Nos. 69, 77, 78, 111 330 
{Plate Nos. 96, 97 225 

Plate No. Bleaching History Final Bleaching Light | (f'P™*y) 





t 96 1,380 mL min. White (M) 
+6,480 mL min. (arc) 


t 97 910 mL min. Orange (Ilford 607) 
+17,500 mL min. White (M) 
+6,480 mL min. (arc) 





























+ 69 21 mL min. Violet (Ilford 601) 8,750 mL min. (M) 0-120 
+8,750 mL min. White (M) 
ee TT 520 mL min. Red (Ilford 608) 83750 mL min. (M) 0-118 
+8,750 mL min. White (M) 
+ 78 9,480 mL min. White (M) 8,750 mL min. (M) 0-092 
* 111 200 mL min. Green (Ilford 604) 6,480 mL min. (arc) 0-120 
* Fig. 7 


The following experiment was performed in order to discover whether the 
exposure of the dark-adapted eye to intense light produces any vascular changes 
in the cat fundus. 


The apparatus shown in Fig. 2 was modified by substituting a reflecting for the dis- 
persing prism, and a microscope cover-slip for the slit. The cover-slip was so adjusted 
as to allow one of its horizontal edges to coincide with the central part of the fundus 
image. Fundus photographs were taken on Kodak P 600 plates. The animals having been 
dark-adapted for at least 1 hour, a photograph was taken with light from the microscope 
lamp M. After 2 minutes’ exposure of the eye to light from M, another photograph 
was taken on the same plate, and so on until the eye had been illuminated con- 
tinuously with the undimmed light for 10 minutes. As the right femoral artery had been 
cannulated, a check could be kept on the animal’s systemic blood pressure. When the 
plate was developed, density measurements were made along the iine provided by the 
image of the edge of the cover-slip. Veins and arteries had been marked on a drawing; 
it was thus possible to associate density changes on the plate with each vessel. Micro- 
metric control enabled one to compare photographs of the widths of any given vessel. 


Although a change as small as 3 per cent. could have been detected, no systematic 
changes were observed, presumably because they did not occur. It would appear, 
therefore, that, under the conditions of the present experiments, vascular changes 
are not likely to mask other effects due to exposure of the eye to light. 
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Results 


All the density changes represent the measured changes, i.e. the values 
have not been halved as should be done if, after reflection at the fundus or 
tapetum, every beam retraced its optical path through the retina. The data 
for rabbits have been corrected for the reduction in the measured density 
change caused by the light scattered by the pre-retinal media. The results 
obtained for the eyes of albino guinea-pigs (Weale, 1955a) were used for this 
purpose. The high reflection factor of the cat tapetum (Weale, 1953c) allows 
one to neglect a similar correction to the data for cats. The correction for 
the frog eye could not be determined on account of its small size. Data 
obtained for pigmented guinea-pigs, however, suggest that, in the spectral 
region here covered, such a correction can be neglected. 


(a) The Rapid Effect.—A typical curve obtained from a cat has been previously 
published (Weale, 1953b) and is here reproduced for the sake of completeness. 
An analogous curve obtained from a frog eye is also shown (Fig. 4). 
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Fic. 4.—Examples of “rapid effect”’. 


Top: Frog. Test-light: 560 mp. First run: @; 3 minutes later: ®; 
48 minutes later: X; 2 minutes later: X. 


Bottom: Cat. Test-light: 540 mp. _—‘ First run: ®; 10 minutes later: ©. 


The reduction in the density increase after about one minute’s observation will 
be noted. Beyond the maximum of the curve there was a tendency for the fundus 
reflectivity to increase. Indeed, when cat eyes showing the rapid effect were 
exposed to the test-light for longer than necessary, R, increased visibly. This 
suggests that radiation as weak as that of the monochromatic test-light (c/- 
Weale, 1955a) is sufficiently intense to counteract the effect of regeneration. The 
spectral distribution of the effect (Fig. 5, opposite) has been obtained by measuring 
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© CAT ( Maxs.198 /minute } 
© FROG | Max-166/minute } 
—CAT DOMINATOR 

~~ FROG DOMINATOR 








550 
Miri mo) 
Fic. 5.—Initial rates of “‘rapid effect’’. 


Black circles average of experiments on six cats (Max. =0-198/minute). 
White circles average of experiments on four frogs (Max. =0-168/minute). 
Broken symbols indicate that only one datum was available. 


Full and dotted lines represent photopic dominators found in cat and frog 
retinae respectively (Granit, 1947). 


the initial rate of the density at each wavelength. The spectral distributions 
obtained for the cat and frog are remarkably alike. Sample standard errors of 
the mean are shown. 


(b) Effect of a Single Flash on a Dark-Adapted Eye.—An example is shown in 
Fig. 6 for a cat. Analogous data for the rabbit, obtained with higher intensity 
flashes, showed a greater initial change with a spectral distribution indicating 
some loss of visual purple. 
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Fic. 6.—Effect of photographic flash. For details see text. 


(c) Total Bleaches.—The averages of three total bleaches done on two rabbits, 
and of six such bleaches done on four cats, are shown in Fig. 7a and b (overleaf). 
As the wavelengths at which measurements were made were not generally the 
same, the data were grouped into wavelength ranges of width 5 my for A<520 mp, 
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Fic. 7 (a).—Mean of three “‘ total bleach”’ difference spectra (two rabbits). 
Fic. 7 (6).—Mean of six “‘ total bleach”’ difference spectra (four cats). 





The maxima of the individual difference spectra were set equal to 100 and 
the other points calculated as explained in the text. 


Broken symbols indicate that only one reading was available. 


Rabbit data from (a) reduced in scale (X) to facilitate comparison between 
the two sets of data. 


and of width 10 my for wavelengths longer than this. The data on the rabbits, 
suitably reduced along the ordinate, are replotted as crosses (X) in the lower part 
of the diagram to facilitate comparison between the results for the two species. 
Except for the blue part of the spectrum they agree within the experimental error. 
Examples of the standard error of the mean are shown. 


(d) Final Bleaches—A remarkable feature of this study was the finding of a 
change during (though not necessarily due to) the final white bleach. The dif- 
ference spectrum was substantially independent in shape and magnitude from the 
previous bleaching history of the eye. The mean of four such difference spectra 
(obtained from cats) is shown in Fig. 8 (opposite). The shallow curve has a 
maximum significantly displaced from 500 mp (where it would be expected if 
visual purple were disappearing) towards shorter wavelengths (*485 my). 
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Fic. 8.—Average of four final “‘ white bleach ’’ difference spectra. 





Discussion 

(a) Absolute Density Values——Hagins and Rushton (1953) showed that, 
for a rabbit eye, the ratio between the density change, as measured by light 
reflected from the fundus, and that found by measuring the light transmitted 
through the sclera is 2. Lewis (1956), working on rat eyes, found a ratio 
of 1-86. The error in using a value of 2 is, therefore, small (Weale, 1953b, 
1955a), but may be serious when cone pigments are examined (Weale, 1955b). 
Nonetheless, provided the position is clearly stated, it is better to quote 
absolute values, subject to whatever correction, than to allow information 
to be lost by quoting relative values only. Several factors lead to an under- 
estimation of the true density changes: 

(i) Scattered light; light received which has not passed through photo-sensitive 
material either because it was reflected before reaching the rods and 
cones, or because it slipped through between them on both journeys 
through the retina; 

(ii) Light which has missed rods and cones only on one journey; 

(iii) Regeneration of the bleached material during measurements; 
(iv) Bleaching of the pigment by the test beam. 


Thus the absolute density values shown in Figs 4 to 7, which refer to the 
measured, as distinct from a calculated, density change, must be considered 
to be minimal (this stricture applies generally to photometric measurements 
of density changes in light-sensitive pigments). 

(b) The Rapid Effect—Granit (1955) has suggested that the fast effect in 
the cat may underlie the photopic dominator, which he revealed by means 
of his micro-electrode technique. In this connexion it is of interest to note 
that light-adapted frog eyes yield similar dominator curves. Again, in none 
of over one hundred bleaching experiments done on guinea-pig eyes, has 
there been any indication of any rapid effect, nor has a photopic dominator 
been obtained from guinea-pig retinae. These three species thus support 
Granit’s suggestion. Evidence for the rapid effect was also obtained photo- 
graphically. But, by its very nature, Method B does not lend itself to the 
detailed study of this phenomenon, and hence no attempt was made to 
obtain a thorough quantitative evaluation of these results. 


The observations on the rapid effect in the cat have been confirmed by Campbell 
and Rushton (1955). But, because it was impossible to record an action spectrum 
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corresponding to the difference spectrum obtained from bleaching experiments, 
these authors tentatively suggested that the changes were due to some unspecified 
tapetal reflex. However, failure to record a given action spectrum hardly justifies 
rejecting the notion that one is dealing with photochemical changes. The rapid 
increase in R,, ascribed to the regeneration of a photo-sensitive substance 
(Weale, 1953a), occurs after the eye has been exposed to light and the light has 
been turned off. If light causes the effect, there must be an action spectrum, 
whether the effect takes place in the retina, the tapetum, or even the cornea. It 
may be that the rapidity of the effect makes a correlation between action and 
difference spectra difficult, unless many animals have been examined. Further- 
more, when examining the human fovea, Rushton (1955) observed similar rapid 
effects, the action spectra of which may well correspond to the sensory counter- 
part of the photopic dominator (Wright, 1946). A photochemical basis may thus 
be ascribed to the three effects found in the cat, frog, and human fundi respectively. 


(c) Accuracy of the Photographic Data——Under optimum conditions, two 
isochromatic radiations can be compared photographically with an accuracy 
of about 1 per cent. (Forsythe, 1937). 


Such a degree of accuracy demands the juxtaposition of the two exposed areas 
on the emulsion. Again, the uniform development of a plate, such as P 2000, of 
even moderate size (4) is well-nigh impossible. Thus the desire to obtain a 
maximum number of fundus spectro-photographs on a single plate and considera- 
tions of accuracy impose a compromise which, of necessity, leads to reduced 
accuracy. This is why the calibration spectra were interspersed with the experi- 
mental ones, non-uniformity in the developed emulsion having then a smaller 
adverse effect on densitometry than if the calibration spectra were concentrated 
in one place. Precision (important in connexion with the monitoring spectra, the 
density of which determines the zero line of the difference spectra) was consider- 
ably increased by examining four different points at a given wavelength range, 
i.e. along a line at right angles to the length of the monitoring spectra. 

These considerations explain why the scatter of the individual points is of the 
order of 0-01-0-02 density units for double transit of the light through the retina 
(approximately 0-005-0-01 for single transit). 

Personal judgment enters these measurements only to the extent of reading a 
galvanometer scale. Hence the data are free from the bias which may affect 
results obtained by zero methods: 


(d) Effect of Recording Flashes.—It is noteworthy that, although the first 
flash causes a small but appreciable change in density, the second and subse- 
quent flashes are without measurable effect. This appears to dispose of the 
possibility that a small proportion of visual pigment is bleached by these 
flashes, for if it were one would expect the change to be nearly as great for 
the second as for the first flash. Although the present observations cannot 
throw any light on the character of the changes caused by the recording 
flashes, it seems clear that they are not of the same nature as those caused 
by the “bleaching” lights. Since the measurements shown in Fig. 6 were 
recorded within a few seconds of each other, it may be that these density 
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changes represent the difference between the light-absorbing properties of 
inactivated and activated visual purple respectively (cf. Wulff and others, 
1956). A possible alternative is that the light used for the photographic 
exposure, while too weak to bleach a measurable amount of visual purple 
at any rate in the cat, does remove the “rapid” substance. Its subsequent 
regeneration may be impeded by further photographic and bleaching ex- 
posures. Whatever the ultimate explanation of these findings, the fact that 
the second and third flashes do not record any change lends support to the 
view that the subsequent changes are due to effects caused by the bleaching 
lights rather than to others due to the recording flashes. 


(e) Chromatic and White Bleaches.—Results obtained with partial white 
bleaches, other than the final, are consistent with the view that the principal 
pigment to disappear is visual purple. These bleaches were done with a 
weaker light than was usual in the original experiments on the cat (Weale, 
1953b); this accounts for the slight discrepancy between the old and the new 
data. 

A comparison between the results for total bleaches carried out on cat 
and rabbit eyes respectively suggests that the two types of eye differ mainly 
in the relative amounts of a blue-sensitive substance (cf. Dodt and Elenius, 
1956) possibly present in the cat retina. Evidence for such a substance had 
previously been obtained for the cat (cf. Granit, 1955) by the same method 
as was used for guinea-pigs (Weale, 1955a). While partial violet bleaching 
yielded confirmatory evidence in the present set of experiments, the inter- 
pretation of the data is rendered more difficult by the occurrence of the 


change shown in Fig. 8. 


(f) Final White Bleaches—There is a marked similarity between the 
difference spectra recording changes which occurred while the final white 
bleaches were taking place. They are independent of the spectral com- 
position of the light with which the earlier bleaches were effected, and this 
suggests that they form part of the bleaching process of visual purple itself. 
Both in its spectral shape and in the position of its maximum, the spectrum 
resembles that of meta-rhodopsin (Wald, Durell, and St. George, 1950). This 
substance has previously been characterized in vitro. It is, therefore, grati- 
fying to find that some of the effects, dismissed perhaps as mere in vitro 
phenomena, find their analogues in the living eye. 


Summary 
° bs " 
A photometric method, previously described, was used for the measure- 
ment of changes in fundus reflectivity, R,, in living eyes. After exposure 


to white light, cat fundi sometimes showed a rapid decrease in R,, which 
Suggested the accumulation of a light-sensitive retinal substance. When 


frogs were examined in a similar way, a change in R, was observed, which, 
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both in its spectral distribution and in its rate, was similar to that found in 
cats. It is suggested, following Granit (1955), that these effects underlie the 


photopic dominators observed by electro-physiological means. The de- 
sirability of more rapid overall spectral recording followed from these 


findings, and a spectrophotographic method is described which was applied 


to living cat and rabbit eyes. Bleaching lights of various intensity, duration, 


and spectral composition were employed in the analysis of the cat’s photo- 
sensitive material. The most striking finding was the occurrence of a 


secondary change which is spectrally similar to the meta-rhodopsin of Wald, 
Durell, and St. George (1950). 


I should like to thank Prof. B. K. Johnson, Imperial College, University of London, for per- 
mission to use a microdensitometer for the examination of some pilot plates, also Dr. K. Tansley 
of the Institute of Ophthalmology, and Dr. W. A. H. Rushton, Cambridge, for valuable 


discussions, and Miss G. Villermet for her enthusiastic help during the experiments. 
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FURTHER STUDIES ON THE DISTENSIBILITY 
OF THE EYE* 


BY 


E. S. PERKINS anp J. GLOSTER 
Institute of Ophthalmology, University of London 


IN a previous paper we have shown that the so-called coefficient of ocular 
rigidity K is not constant for the rabbit eye, but increases with intra-ocular 
pressure up to approximately 50 cm. saline (Perkins and Gloster, 1957). The 
first part of the present study concerns determinations at higher pressures 
and in enucleated, as opposed to living and dead eyes in situ. In the second 
part we have attempted to extend the investigation to more practical prob- 
lems by a study of tonometry and tonometric methods for the determination 
of the rigidity of rabbit eyes. 
PART I 


OCULAR DISTENSIBILITY AT HIGH PRESSURES AND IN ENUCLEATED RABBIT EYES 


The results given in our previous paper were obtained from living and 
dead eyes in situ and we were interested to know whether similar results 
would be obtained in an enucleated eye, unsupported by the orbital tissues. 

The manometric method previously described in full (Perkins and Gloster, 
1957) was used on one eye, and the results were found to follow closely those 
obtained from eyes still in the orbit. 

In a second enucleated eye, the technique was modified in that, instead of 

using a needle in the anterior chamber, 

L * a glass cannula was introduced into the 
® vitreous cavity through the optic nerve- 
head and tied into place. The mano- 

omy meter was connected to this cannula 
and the injections of saline into the eye 

l e were also made through the cannula. 
The eye was supported by immersion 

® in a beaker of saline at room tempera- 
ool ‘ture. This method was employed to 
e conform more closely to the experi- 
mental conditions of other workers 

000s @ (Schultén, 1884; Ridley, 1930) and to 
e determine whether our previous results 
had been influenced by theslight corneal 
deformation caused by insertion of a 
Per. (em. line) needle into the anterior chamber. 


Fic. 1.—Variation of coefficient of ocular ‘ e ‘ 
rigidity with intra-ocular pressure. Optic Again, as shown in Fig. 1, the results 
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Coefficient of ocular rigidity K 
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nerve cannulation. Rabbit eye. conform to those obtained by the 
(Pay =mean of intra-ocular pressures before and ssinad thod 
after injecting saline.) original method. 
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Our earlier results suggested that the value of K probably reached a 
maximum at intra-ocular pressures of 50-60 cm. saline, and in order to study 
the ocular distensibility at higher pressures the thin rubber membrane of the 
manometer was replaced by thicker rubber. By this means pressures up to 
150 cm. saline could be employed. 

Fig. 2 shows the results of such an experiment on a rabbit anaesthetized 
with urethane 1-75 g./kg., and after killing the animal. The values of K in 
both the living and dead eye decreased slightly between 60 and 100 cm. 
saline. Above this pressure, K for the dead eye continued to decrease, but 
in the living eye K tended to increase slightly. All values for K in the dead 
eye were higher than in the living eye. The results in a second rabbit were 


very similar. 
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Fic. 2.—Variation of coefficient of ocular rigidity with intra-ocular pressures above 50 cm. 


Saline. Rabbit eye. 
O living eye. @ dead eye. 


Discussion 

The practical conclusion which can be drawn from these results is that 
determinations of rigidity on enucleated rabbit eyes give comparable results 
to those obtained with the dead eye in situ. The fact that there was little 
difference in the relationship between K and intra-ocular pressure, when 
determinations were made with a needle in the anterior chamber or by means 
of a cannula through the optic nerve, is confirmatory evidence that this 
relationship is due to certain properties of the eye and not merely a reflection 
of distortions of its shape. 

The behaviour of K at high pressures is only of theoretical interest at the 
moment. It is perhaps worth noticing, however, that the tendency for K 
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to show less variation at these pressures might be expected from the behaviour 
of isolated strips of sclera when subjected to increase in tension (Gloster, 
Perkins, and Pommier, 1957). In this paper it was shown that, at tensions 
corresponding to these higher pressures, the elongation of the strip was 
nearly proportional to the increase in tension. 


PART II 


TONOMETRIC DETERMINATIONS OF OCULAR DISTENSIBILITY 


' When a tonometer is placed on an eye, the intra-ocular pressure of which 
is signified by P,, the cornea is indented, partly by the plunger and partly 
by the footplate of the tonometer. Although there can be no instantaneous 
change in volume within the eye, the coats of the eye must stretch to accom- 
modate the fluid displaced by the indentation of the cornea. This increased 
tension in the coats of the eye raises the intra-ocular pressure to a higher 
level P,. The height of the new level will depend on the resistance to dis- 
tension of the eye, i.e. on the ocular rigidity. 

The manometric and volumetric methods for determining K which we 
have previously used have involved changing the intra-ocular volume and 
measuring the consequent change in pressure within the eye. It will be 
appreciated, therefore, that the conditions are not quite comparable to 
tonometry, in which the pressure within the eye is increased by deformation 
without a change in intra-ocular volume. Indeed some confusion exists in 
the literature, and Friedenwald (1937) and again Friedenwald and Moses 
(1950) considered that the rigidity coefficient applicable to tonometry might 
have a value about ten times greater than that obtained by distension of 
the eye. However, as the result of experiments carried out by Grant, 
Friedenwald (1954) concluded that “‘the coefficient of rigidity for ocular 
distension is equal to that for ocular distortion under the tonometric load’’. 
In view of our finding, using methods involving ocular distension, that K 
was not constant for the rabbit eye, it seemed necessary to extend our studies 
to include tonometric determinations of ocular rigidity. 


Theoretically there are two ways in which a tonometer may be used to 
measure rigidity. If the pressure in the eye is P, before, and P, after the 
log P, -—log P, 

V, 





tonometer has been applied, K= , where V, is the volume of 


c 

corneal indentation. In the second method, an extra weight is added to 
the tonometer and the relationship here is 
_ log P,, — log P,, 

Vos ie Vos ” 
where P,, is the pressure in the eye with the tonometer alone, P,, is the 
pressure after the addition of a weight, and V,, and V,, are the volumes of 
corneal indentation corresponding to P,, and P,,. 


K 
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In practice, this means that it is necessary to convert the scale readings of 
the tonometer into pressures and volumes of corneal indentation. The usual 
clinical estimation of rigidity is based on the second of these two methods. 
and will be described first. 


Method 1. Tonometry with Two Weights 


Rabbits weighing 2-3 and 4 kg. were anaesthetized with 1-75 g./kg. urethane 
injected intravenously. The head was fixed with one eye uppermost and sutures 
inserted into the lids to expose the cornea. 

A standardized weighted Schietz tonometer was held vertically above the eye 
in a clamp which could be raised and lowered mechanically. The tonometer was 
lowered on to the eye and the scale reading noted, and the tonometer was then 
raised from the eye as soon as possible. Tonometry was then repeated, using the 
7:5 and 10-g. weights. In other determinations the initial reading was taken with 
the 7-5-g. weight: this was removed and the second reading taken with the 10-g. 
weight. 

An 18-gauge needle was now inserted into the anterior chamber and connected 
by means of rigid polythene tubing and a 3-way tap T to a calibrated capillary 
tube which was in turn connected to a reservoir of saline R (Fig. 3). The tap was 
kept open throughout the experiment, connecting the eye, capillary tube, and 
syringe S. A small air bubble was introduced into the capillary tube. The 


syringe 
S. 
tonometer 


Fic. ili for calibrating tonometer and determining ocular rigidity (see text). 
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saline reservoir was adjusted to a height of 10 cm. above the eye and the air bubble 
brought to a suitable position in the capillary tube by means of the micrometer 
syringe S. The tonometer was now placed on the eye and the scale reading of the 
tonometer and the movement of the bubble were recorded. This procedure was 
then repeated at various pressure levels up to approximately 80 cm. saline, and 
with 7-5 and 10-g. weights on the tonometer. 

From these results, calibration curves of tonometer scale readings against “open 
stopcock”’ pressures in the eye and against volumes of corneal indentation were 
constructed for the tonometer with 5-5-g., 7-5-g., and 10-g. weights added. It 
was then possible to convert the scale readings obtained on the intact eye (as 
described above) into values for P,,, P,., V.,, and V,,. Substitution into the 


formula K=!°SPn—los Pr, 





gave values for K shown in Table I. 


TABLE I 
DETERMINATION OF COEFFICIENT OF OCULAR RIGIDITY K BY 
TONOMETRY USING TWO WEIGHTS 


ca” "a 









































RABBIT EYES 
Rabbit 6233 Rabbit 6263 Rabbit 6267 
Pressure Pressure Pressure 

(cm. saline) K (cm. saline) K (cm. saline) K 
44 0-003 50 0-314 51 0-121 
46 0-008 52 — 52 _ 
48 0-046 57 0-029 53 0-107 
49 0-008 60 0-032 53 0-036 
51 0-001 60 0-018 56 0-096 
51 0-032 60 0-044 56 0-021 
51 0-036 61 0-013 57 0-017 
53 0-048 63 0-051 58 0:166 
56 0-020 64 0-007 58 0-021 
56 0-038 
59 0-006 




















In view of the wide variation in values of K obtained for the same eye, this 
method was abandoned. The probable reasons for this failure will be discussed 
later. 


Method 2 

This method has so far been applied only to enucleated rabbit eyes. 

The enucleated eye was supported in a block of paraffin wax hollowed out to 
fit the posterior segment of the eye. A needle was inserted into the anterior 
chamber and connected to a capillary tube, reservoir, and micrometer syringe as 
in the first method, and the tonometer was mounted above the eye as before 


(Fig. 3). 
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The reservoir was adjusted to the required pressure and the bubble was brought 
to a suitable position in the capillary tube. The tap was left open and the tono- 
meter lowered on to the eye. The scale reading (R,) on the tonometer and the 
movement of the bubble in the capillary tube were noted at this pressure. The 
tonometer was now raised off the eye and, after allowing time for the eye to 
resume its original volume, the tap T was turned to isolate the eye from the rest 
of the system. The tonometer was immediately lowered on to the eye again and 
the scale reading R, noted. This procedure was repeated at various levels of 
pressure and with the 5-5-g., 7-5-g., and 10-g. weights. 

From these results, graphs were plotted relating scale readings to “open stop- 
cock’’ pressures and to volumes of corneal indentation. Examples of these graphs 
are shown in Figs 4 and 5. 
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Fic. 4.—Calibration of tonometer for ‘‘ open stopcock”’ pressures. Rabbit eye. 


In the last two animals in this group, the volume of corneal indentation was 
obtained from a graph of the means of measurements on four other rabbit eyes. 
The variation from animal to animal was sufficiently small to justify this procedure. 


Calculation.—The initial pressure in the eye (Po) was known from the height of 
the reservoir. The intra-ocular pressure (P;) with the tonometer on the eye was 
obtained by reading a value for R, from the graph of scale readings against “‘ open 
stopcock” pressures. The volume of corneal indentation for R, could be derived 
from the graph of scale readings against volumes. 
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Fic. 5.—Calibration of tonometer for volume of corneal indentation. Rabbit eye. 





Applying the formula peat es 


c 
values for K were obtained for various levels of pressure and with different weights 
on the tonometer. A typical result from one eye is shown in Fig. 6. 
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Fic. 6.—Variation of coefficient of ocular rigidity with intra-ocular pressure, using a tono- 
metric method. 
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It can be seen that K increased as the pressure at which it was determined increased, 
and also that values obtained with different weights at comparable pressures did 
not differ markedly. The results for all four eyes are summarized in Table II, 
which gives mean values for K in four ranges of pressure, and shows clearly that 
in every case K increased with the intra-ocular pressure up to a level of 50 cm. 
saline. Above this level the values showed less marked changes. 


TABLE II 


VARIATIONS OF K WITH INTRA-OCULAR PRESSURE FOR FOUR RABBIT EYES 
TONOMETRIC DETERMINATION OF K 





Coefficient of Ocular Rigidity K 


Pressure Range 
45-55 cm. Saline 





Pressure Range 


Pressure Range 
60-70 cm. Saline 


Rabbit Pressure Range 
No. 30-40 cm. Saline 


15-25 cm. Saline 
































Mean | No. | Mean | No. | Mean | No. | Mean | No. 
1 0-014 1 0-023 5 0-032 7 | 0-033 4 
2 0-009 3 0-016 4 0-023 6 0-023 6 
3 0-006 2 0-014 6 0-016 7 0-015 6 
4 0-012 2 0-027 4 0-040 5 0-045 6 
Discussion 


(1) Tonometry with Two Weights.—It is obvious from the results (Table I) 
that the values of K obtained by this method are quite unreliable. The very 
large differences between consecutive determinations are quite contrary to 
previous experience using other methods. Considering that these experi- 
ments were done under laboratory conditions in which eye movements were 
eliminated and the tonometer raised and lowered mechanically, the failure 
of this method seems surprising. However, from the work of Rohrschneider 
and Kiichle (1954), it is apparent that the mechanical and reading errors 
combined may easily amount to half a scale division for each application of 
the tonometer. 

Reference to the graphs for pressure and volume (Figs 4 and 5) shows that 
such a variation can cause serious errors in the values obtained. For 
example, in one experiment the initial scale reading with the 5-5-g. weight 
was recorded as 2-5. The reading with the 7-5-g. weight was 5-5; the 
rigidity calculated from these readings was 0°032. Supposing the first 
reading to have been 2-25 or 2-75, and the second to have been 5-25 or 5-75, 
the following results for the coefficient of rigidity would have been obtained 
(Table III, opposite). 

It can be seen that an error of this magnitude could lead to a more than 
ten-fold variation in the coefficient of rigidity. The greater part of this 
variation can be accounted for by the variation in the changes of volume. 





NS oO See 











FURTHER STUDIES ON THE DISTENSIBILITY OF THE EYE 483 


TABLE III 


ILLUSTRATION OF EFFECT OF TONOMETRIC READING ERRORS ON THE 
DETERMINATION OF THE COEFFICIENT OF OCULAR RIGIDITY 





Intra-Ocular | Volume of Corneal 


























Results Scale Readings Pressures Indentation (yl.) 
(cm. saline) 
: s V2 i 4 K 
—_ 7s |} 5s | te) A) eee 
Actual Readings 25 5:5 56:5 63-0 10°75 | 12:25 1:5 0-032 
2:25 5-25 58-0 64:0 10 12 2 0-021 
Possible 2:25 5°75 58-0 62:0 10 13 3 0-010 
Variations in 

Scale Readings 2°75 5-25 55-0 64-0 11-5 12 0-5 0-132 
2-75 5-75 55-0 62:0 11-5 13 1-5 0-035 


























Table II shows that the pressures at which the determinations of K can 
be made by this method are all above 40 cm. saline. This is inevitable 
because the intra-ocular pressure is always raised considerably by the act of 
placing a tonometer on the eye, and it must be remembered that'this method 
of estimating the rigidity cannot give a value for K at or near the normal 
intra-ocular pressure. This could lead to serious error if K varied signifi- 
cantly with intra-ocular pressure—as has been shown for the rabbit eye. 
At the moment we have insufficient data to determine the importance of this 
factor in the human eye. 


(2) The second tonometric method could not be applied to the intact eye 
but gave results which were much more consistent for the following reasons: 
(a) The initial pressure in the eye (P,) was known from the height of the reservoir 


and did not depend on a tonometric reading. 
(6) The volume of corneal indentation was determined from a single tono- 


metric reading. 
(c) The changes in both pressure and volume were greater than in the first 


method and therefore small errors in their measurement had less effect on the 
values of K. 

It is clear from these results that ocular rigidity measured by tonometry, 
which involves some degree of distortion of the eye, does not differ signifi- 
cantly from ocular rigidity as measured by simple distension of the eye. 
This confirms Friedenwald’s later views on this point (Friedenwald, 1954). 

Not only were the values of K substantially the same, but they showed the 
same variation with intra-ocular pressure. This may help to explain the 
recognized unreliability of tonometric determinations of intra-ocular pressure 
in the rabbit. This is demonstrated very clearly by a comparison of the 
“open” and “closed” stopcock calibrations obtained during these experi- 


ments. 
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Fig. 7 shows “open stopcock” pressures plotted against scale readings for 
four rabbits, and it is evident that there is little scatter between the four sets 
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Fic. 7.—Calibration of tonometer for ‘open stopcock”? pressures in four 


Tabbit eyes. 


Fig. 8 (opposite) shows “closed stopcock” calibrations for two of these 
animals and it can be seen that the same scale reading indicates widely different 
pressures; e.g. a scale reading of 4 corresponded to a pressure of 24 cm. 
saline in one rabbit and to a pressure of 44 cm. saline in the other. The 
difference between these two curves is mainly due to differences in ocular 
rigidity, and therefore any method of measuring the intra-ocular pressure 
which involves relatively large volumetric displacements must take ocular 
rigidity into account. As the rigidity differs from anima) to animal and 
also varies with intra-ocular pressure, it is impossible to formulate a cali- 
bration for an instrument such as a Schiatz tonometer which will compensate 
for such variations in rigidity with any degree of reliability. 

One solution of this problem is to employ a method in which volumetric 
displacements by the tonometer are kept to a minimum. Such conditions 
can be obtained by the use of applanation tonometry. This advantage has 
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Fic. 8.—Calibration of tonometer for “closed stopcock”’ pressures in 
two rabbit eyes. 


already been pointed out by one of us (Perkins, 1953), and it is intended to 
pursue this subject in a later paper. 

We wish to emphasize again that the results we have obtained and the 
deductions therefrom apply only to the rabbit eye. However, a recent paper 
by McDonald (1955) provides clinical evidence suggesting that in the human, 
eye, “scleral rigidity bears some inverse relationship to the intra-ocular 
pressure”, Our preliminary results on stored human eyes suggest that, 
although the coefficient of rigidity does not remain constant, the type of 
variation with intra-ocular pressure is not the same as that found in the 
rabbit eye. 


Summary 

(1) Using methods previously described, the coefficient of ocular rigidity 
for the enucleated rabbit eye was found not to differ from that for the eye 
in situ. 

(2) Results obtained using a technique in which the eye was cannulated 
through the optic nerve were substantially the same as those obtained by 
cannulation of the anterior chamber. 

(3) At high intra-ocular pressures (50-150 cm. saline) the coefficient of 
rigidity showed less variation than at lower pressures. 
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(4) Two methods are described for measuring ocular rigidity in the rabbit 
eye using a Schiotz tonometer. Tonometric estimations gave values for the 
coefficient of rigidity comparable to those obtained by distension of the eye, 
and these values were also dependent on intra-ocular pressure. 
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A MODIFICATION OF THE SMITH INDIAN TECHNIQUE 
OF INTRACAPSULAR CATARACT OPERATION* 


BY 


M. S. NIRANKARI anp M. C. MAUDGAL 
Department of Ophthalmology, Medical College, Amritsar, India 


THE best results of cataract surgery are achieved by the intracapsular tech- 
nique. McNamara (1868) practised this procedure; he would make the 
incision in the lower half of the cornea and apply pressure with the finger 
from above. Molroney, working at Amritsar and Jullundur, extended this 
procedure to all types of senile cataract. His successor Smith (1928) noticed 
that the rate of vitreous prolapse was insignificant where the lens was tumbled 
accidentally; he developed this technique of tumbling as a routine measure, 
mainly in the soft lens (Morgagnian), and later extended this method to the 
hard lens. This tumbling is now the essential step in all modern intra- 
capsular surgical procedures. 

The Smith Indian method depends upon the application of pressure to the 
outside of the eyeball to rupture the zonule and to extract the lens by the 
continued application of pressure; the position and direction of the pressure 
must be changed as the lens is manoeuvred into its various positions. The 
hydrostatic principle behind this technique depends upon the equalization of 
pressure in all directions when the pressure is applied to a fluid contained in 
a distensible sac. The backward-directed pressure is applied to all the 
structures behind the diaphragm of the lens, its suspensory ligament, and 
ciliary processes, and as this diaphragm is the weakest part in the scleral 
shell it must break. The zonular fibres being the most fragile, the break 
occurs there first. Application of pressure with the hook controls this break, 
the ideal site being from below, with the superior portion remaining hinged. 
Because of this the continuation of pressure tilts out the freed lower equator 
of the lens, compelling it to go upwards and anteriorly through a rotation 
of nearly 180°; this tumbling thus causes the lower part of the lens to present 
first in the corneo-scleral incision. The upper part of the lens, which is still 
attached to the zonule, acts as an effective cork in the bottle-neck against 
the prolapse of the vitreous. 

Smith achieved this end by applying the knee of the hook to the sclera 
well down in the inferior fornix, the ball of the hook touching the globe 
behind the edge of the lens. The broad spatula was held with its convex 
surface against the posterior lip of the section. Pressure was now exerted 
with the spatula against the cornea over the section, the hook (both knee 
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and ball) being directed towards the centre of the globe. Slowly the hook 
was advanced towards the sclero-corneal margin, until the edge of the lens 
was reached and raised. The pressure on the hook was released, and the 
ball was raised over the conjunctival roll. The spatula was removed and 
the hook, continuing its course, tucked the cornea under the lens. The lens, 
still attached along its upper border, was then gently raked off. 





Modification of the Smith Indian Technique 


The classical Smith procedure produces vitreous prolapse in a large per- 
centage of cases in inexpert hands. Smith himself was endeavouring to find 
out a method of lens expression without this shortcoming, and we-have con- 
tinued the efforts in this direction and have developed a technique which is 
much safer and is easily learned by the individual surgeon. The incidence 
of vitreous prolapse is not greater than with other procedures. The classical 
Smith operation has been abandoned by most surgeons, and we have found 
the modified technique to be very advantageous. It is a speedy procedure 
which enables us to handle fifty or sixty cases a day during the peak season 
(February to April and September to November each year). There is a 
minimum of instrumentation, and only the iris forceps and iris repositor are 
introduced into the anterior chamber. : 

Basal narcosis and van Lint’s akinesia provide perfect control of the 
patient and his eyeball. We seldom feel the necessity of eye speculum; it 
may be dangerous if the fornices are contracted, and will exert pressure on 
the eyeball which may lead to or predispose to vitreous prolapse. 

A limbal incision of 180° with a narrow von Graefe knife is followed by 
peripheral button-hole iridectomy (sometimes two or three are done). A 
good wide incision is the first necessity. The mechanism of this improved 
and modified technique may be described in three stages: lever, ledge, and 
tumble. 


(1) Lever.—With the convex surface of the lens spatula applied against the 
upper limbus (Fig. 1) over the corneo-scleral incision, pressure is exerted down- 
wards and backwards on the upper equatorial region of the lens; the vertical 
diameter of the lens acts as the arm of the lever, the upper part of the lens as the 
fulcrum. This results in the tilting forward of the lower periphery of the lens. 
This produces a slight bulge at the lower limbus and indicates the exact position 
of the lower equator of the lens. The operator now places a hook below this 
bulge with its point directed posteriorly and tilting upwards (Fig. 2). A gentle 
pressure with the point breaks the zonule fibres, already stretched by the tilting 
forward of the lower edge of the lens. 


(2) Ledge.—As this happens, the lower border of the lens becomes free, forming 
a ledge at the limbus. A slight dimple in the sclera below this point indicates its 
position. The hook is now placed in the gutter below the ledge and the lens is 
held as it were in a vice, between the lens spatula above and the lens hook below 
(Fig. 3). 
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(3) Tumble.—Very gentle backward and downward pressure is maintained at 
the upper edge of the lens while the lens hook gently presses the lower edge of the 
lens upwards and forwards. The lens begins to tumble, the force being at the 
back of the equator of the lens and directed upwards and forwards. The fibres 
of the suspensory ligament in the lower nasal and temporal part are gently stretched 
and with gentle force they are broken. Now the lens starts rotating forwards 
around its horizontal diameter, being freed from the attachment of the suspensory 
ligament (Fig. 4). The spatula keeps the eye steady and also protects the upper 
zonular fibre from breaking prematurely. 

We extract the lens through a moderately dilated pupil. The dilatation is 
effected by cocaine, adrenaline drops, and retrobulbar anaesthesia; atropine or 
homatropine are not used. The protection to the vitreous by the iris diaphragm 
is lost if the pupil is widely dilated. 

The whole process of lens delivery can be compared to the delivery of a foetus; 
instead of a normal vertex presentation we aim at a breech delivery by external 
version. 

It is most interesting to watch the lower equator of the lens engaging the pupil 
and steadily pressing the pupillary area; in the process the pupil becomes dilated 
and the lens itself is slightly moulded. In some cases a permanent impression in 
the form of a slight bulge with a constriction behind forms at the lower edge of 
the lens and gives it a resemblance to caput succidanum. The slow dilatation of 
the pupil is just like the opening of the os cervix in a case of obstetric labour. 
When the largest diameter of the lens is through the pupil, the pressure with the 
hook may be relaxed a little, the major part of the lens lying in the anterior chamber 
and part of it being outside engaged in the corneo-scleral wound. Now, with a 
smooth upward sweep of the hook, the lens is brought out; in some cases where 
the eye is hypotonic the cornea springs behind the lens, forming a cup or saucer- 
shaped depression in which the lens rests, being still attached at its upper edge to 
the zonular fibres (Fig. 5). The lens is swept aside and the upper zonular fibres 
are stripped off in this process. 

The whole process is based on the simple mechanism of lever action. The 
surgeon is working all the time on the anterior segment of the eye. No force 
whatsoever is exerted on the vitreous humour and the posterior segment. The 
various steps in the delivery of the lens are confined to the anterior segment and 
its connecting zonular fibres. 
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The iris is then reposited with the iris repositor and the corneal flap is reposed 
to its normal position. The incision line is pressed gently with the cotton wool 
swab for perfect apposition of the corneo-scleral wound. When this procedure 
is carried out in a calm and confident manner, the globe and its contents are 
absolutely under the control of the operator. 

This simple and effective procedure for the extraction of the lens seldom 
fails if the proper indications exist. 

The following criteria must be fulfilled before one attempts this technique: 





(1) Age.—This procedure can only be adopted in patients above 50 years of 
age, in whom the zonular ligaments are brittle and fragile. It should never be 
done in a case under 45 years of age. The friability of the zonular fibres depends 
on the patient’s age and not on the maturity or otherwise of the cataract. 


(2) The lens should be situated at its normal place and no part of the zonular 
ligaments should be already broken. Subluxation of the lens is a contraindication. 


(3) The ocular tension should be within the normal limits (18 to 25 mm. Hg). 


(4) The lens should be fairly hard. In cases of Morgagnian cataract the lever 
mechanism is not very effective as the pressure with the hook and the spoon can- 
not be properly transmitted to the zonular fibres at the lower equatorial region. 
Because of the semifluid nature of the cortex, the force which is desired and 
directed along the vertical direction is transmitted in expanding the lens in hori- 
zontal direction. It thus takes longer to break the suspensory ligament of the 
lower part, but once the tilting of the lens starts, the rest of the procedure does not 
differ from that described above. The capsule containing the milky fluid engages 
into the corneo-scleral incision first, and pressure is kept up until the nucleus of the 
lens rises into this bag, when one can see the pale brown nucleus with its convex 
upper border rising upwards. Once this happens, the pressure with the hook 
should not be relaxed, it is kept up till the lens jumps out of the anterior chamber. 


Advantages.—This method is applicable in all types of cataractous lenses 
situated in the normal position, provided the age of the patient is favourable. 
Hypermaturity is no bar to this technique; it is more suitable than the other 
methods, such as the forceps and erisophake delivery, in which there is 
always a danger of premature rupture of a hypermature capsule before the 
suspensory ligament can be broken. 


Complications (see Table, opposite).—The usual complications of cataract 
extraction are no more frequent with this technique than with any other. 
The dreaded danger of vitreous prolapse is slight. 


Corneo-Scleral Sutures.—These are not used as a routine procedure be- 
cause of the enormous amount of work handled in a single day. The corneo- 
scleral suturing requires time, hence it is not practicable in every case. We 
use stitches in patients of nervous temperament, and in those suffering from 
high blood pressure or chronic respiratory trouble. The loops of the 
sutures are kept loose to avoid any interference with the delivery of the lens. 
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TABLE 
COMPLICATIONS ENCOUNTERED IN 1,033 CASES 














Without Complication With Complication 
Combined (with iridectomy) ... ... | 895 | Combined (with iridectomy) ... veer ks hae 
Simple (without iridectomy) ... eo 70 | Simple (without iridectomy) ... .. | 14 
Vitreous prolapse peeeeg fe, } 
Posterior dislocation (Vectis delivery) 5 
Expulsive haemorrhage BS 1 
Burst capsule (during delivery) 8 
Iris prolapse (on fourth day) .. 23 
Total ... ny .. | 965 Total... 68 
Percentage 6°6 














Grieshaber pattern needles (7 mm.) with 6/0 black silk are used for this 
purpose. 


Summary 


A modification of the classical Smith Indian technique of cataract extrac- 
tion is described. It is a simple procedure, involving the mechanism of lever, 
ledge, and tumble. All the manoeuvres are confined to the lens. It is a 
quick operation, with minimum complications and good results comparable 
with other methods of intracapsular surgery. The indications and contra- 
indications of this procedure are reviewed. 
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BENIGN CALCIFYING EPITHELIOMA* 


BY 
D. St. C. ROBERTS 
Nuffield Laboratory of Ophthalmology, University of Oxford 


A BENIGN calcifying epithelioma is a subcutaneous tumour, first described 
by Malherbe and Chenantais (1880), who called it ’épithéliome calcifié des 
glandes sébacées. Malherbe (1881, 1905) added more details, but only four 
examples of such tumours have been reported in the ophthalmic literature 
(Ashton, 1951; Kornblueth and Liban, 1955). Histological examination of 
material from the Radcliffe Infirmary, Oxford and from the Oxford Eye 
Hospital makes it seem probable that these benign tumours are more preva- 
lent than the published reports would lead one to suppose. The present 
report is of 35 examples of such tumours, thirteen having been near the eye. 

Many of the earlier papers on the subject came from German and French 
authors; the first extensive review in English was that of Ch’in (1933), who 
quoted 116 examples from the literature and added ten of his own. COté 
(1936) later reported on a further twelve cases. Muehlon (1942) reviewed 
85 cases. More recently, Lever and Griesemer (1949) described fifteen of 
their own cases and fully discussed the differential diagnosis, histology, and 
possible histogenesis. The findings of these authors are summarized in 
Table I, where enough information was available. It will be seen that 
more tumours occur in the younger age groups and that they are com- 


moner in females than in males. In some cases multiple tumours have been 
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found (Perthes, 1894; Naulleau and Ardouin, 1932; Bellanger, 1935; Cété, 
1936; Highman and Ogden, 1944), but not all these were confirmed histo- 
logically. No cause has been found. 

The commonest site seems to have been the head and neck, a large pro- 
portion lying near to the eye. In many cases the exact site was not specified, 
so these figures are only approximate. Occasional recurrence after removal 
has been recorded (Reverdin, 1901; Malherbe, 1905; Frey, 1921; Cété, 1936), 
and Gromiko (1927) noted a malignant recurrence. A possible familial 
trait was noted by Eve (1882); the patient concerned had a brother, father, 
and aunt, all of whom had similar nodules; unfortunately, the nodules were 
not examined histologically. 

Material for the present report consists of tumours from 38 patients, 
diagnosed histologically at the Radcliffe Infirmary, Oxford, and at the 
Oxford Eye Hospital in the years 1942 to 1955 inclusive, during which time 
some 84,000 histological specimens were examined. Of these 38 cases, seven 
were subsequently rejected, since there was insufficient evidence to support 
the diagnosis. There were then 35 tumours from 31 patients available for 
study. A follow-up questionnaire was sent to each patient and in some 
cases a patient was also examined clinically. 


Clinical Description and Results 
Clinically, benign calcifying epitheliomata appear as hard subcutaneous nodules 
which may or may not be attached to overlying skin, and are usually mobile on 
deeper structures. They commonly grow slowly and have often been present for 
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months or years (in one instance 30 years) before the patient seeks advice. In 
some cases the overlying skin may be reddened and there may be tenderness and 
inflammation, with breakdown of the tumour and discharge of the contents to 
the surface. 

A clinical diagnosis of benign calcifying epithelioma was made in only one case. 
In the other thirty cases the nodules were diagnosed as sebaceous cysts (16), 
neuromata (3), dermoid cysts (3), miscellaneous (9). The tumours occurred more 
often in women than in men (17:14), a fact noted by Malherbe (1881), Muehlon 
(1942), Lever and Griesemer (1949), and Ashton (1951). Benign calcifying 
epitheliomata occur more commonly 


in the younger groups, as will be seen TABLE Il 


ee AGG DISTR EION OF BENIGN 
Four patients had multiple 




















tumours proven histologically, and in Tee 

addition a further two cases had cpg No. of Patients 

multiple tumours, all alike clinically, 

but in each patient only one was eh : 

examined histologically. 11-20 | 4 
Eve (1882) suggested the possibility 21-30 5 

of these tumours having a familial 41-50 ; 

trait. In the present series there 51-60 4 

were two instances of tumours occur- 61—70* 3 

ring in siblings (Cases 4 and 31; 23 Total 31 

and 24), all children. In one family 

they occurred as multiple and in the * Including one tumour present for 30 years 


other as single swellings. There was 
no other history of similar tumours in these families. 

No evidence of any associated disease was found. In three cases congenital 
anomalies were present. These were a blocked naso-lacrimal duct, a bilateral 
patent processus vaginalis, and a bilateral] ptosis respectively. 

The sites of the swellings were noted 


TABLE III in 33 instances. The data available 
SITE inna did not permit a more accurate 


analysis than that given in Table III. 


No exciting cause was found. In 


only one case was trauma mentioned, 
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period of from 4 months to 9 years, the average time being 24 years. In no case 
was a recurrence found. 


Histological Examination 


Histologically these tumours are quite characteristic. They are usually well 
localized and have a fibrous capsule, prolongations from which traverse and sub- 


divide the tumour. Inside lie irregular clumps and bands of fairly large basal 
cells with large basophilic nuclei and well marked nucleoli. It is commonly found 


that the cells on one side of these clumps stain more deeply than on the other; 
on the latter side, the nuclei gradually become smaller, some fragmenting and 


becoming darker, but most losing their staining properties, leaving only the vague 
cell outlines, the characteristic “ghost” cells (Figs 1, 2, 3). 





Fic. 1.—Low-power view, showing an irregular serpiginous band of basal cells. Above 
and to the right are ghost cells undergoing calcification; below and to the left the 


granulomatous reaction is seen. Haematoxylin and eosin. 86. 
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Fic. 3.—Islands of ghost cells surrounded by a granulomatous reaction 
containing giant cells. x 190. 
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The ghost cells form eosinophilic masses which may become calcified or even 
ossified. Some of the basal cells are a little reminiscent of those found in rodent 


ulcers. A considerable amount of granulation tissue with frequent giant cells, some 
containing ghost cell material, is found amongst the viable basal cells and the 
ghost cells. 
The diagnostic criteria used in the present study were: 

(i) The presence of basal cells arranged in irregular clumps and bands; 

(ii) Eosinophilic masses of ghost cells. 
Neither calcification, although it was present in some 25 cases, nor the granulo- 
matous reaction with giant cells was regarded as an essential constituent. 


Discussion 

In view of the few cases of benign calcifying epithelioma reported in the 
ophthalmic literature, it is interesting to note that, of the 184 tumours from 
all parts of the body recorded in the literature (Table I), the area of the eye 
seems to be one of the commonest sites. Almost 50 per cent. of all tumours 
were in the head and neck, and of these about 25 per cent. were around the 
eye. The distribution in the present series is even more striking, 80 per cent. 
of tumours occurring in the head and neck, and nearly half of these near the 
eye (Table III). These specimens were selected from histological material 
of all types and do not represent only that coming from an eye hospital. 

It was not possible to plot the exact position of all tumours, so no accurate 
correlation could be made with such features as developmental clefts, etc., 
but many occurred in sites where dermoid cysts are also found. 

The clinical differential diagnosis obviously presents some difficulty for 
in only one case was it correct. Around the eye these tumours may be con- 
fused with meibomian, dermoid, or sebaceous cysts, neurofibromata, or 
more rarely with a foreign-body granuloma, a fibroma, or a carcinoma of 
the lacrimal gland (which has been reported in young people, Duke-Elder, 
1952). 

The occurrence of multiple tumours and their benign nature have been 
confirmed. There were no recurrences, though admittedly the follow-up was 
not as complete as one might have wished. 

Whereas benign calcifying epitheliomata lack characteristic clinical 
features, histologically they seem to form a distinct pathological entity. 
The irregular clumps and sheets of basal cells, together with the formation 
of “ghost” cells, give a characteristic picture. The clumps of basal cells, 
if viewed in isolation, might well be mistaken for those seen in a basal cell 
carcinoma. 

The granulomatous reaction was not regarded as a specific feature, but 
rather as a non-specific response to the ghost cell material, islands of which 
could be seen engulfed by giant cells. This reaction resembled that found 
where sebaceous cysts have burst into the surrounding tissues or in meibomian 


cysts or foreign-body granulomata. 
32 
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The origin of benign calcifying epitheliomata is in dispute. Several 
theories have been put forward. Malherbe and Chenantais (1880) suggested 
that a papillomatous process occurred within a sebaceous cyst, whereas 
Linser (1901) suggested the same process within a dermoid cyst. In this 
series, two sebaceous cysts and one benign calcifying epithelioma (proven 
histologically) occurred in the same patient. 

A familial incidence, as was suggested by Eve (1882), has also been found 
in the present series. The numbers available were insufficient to allow of a 
detailed analysis. It is interesting to note that sebaceous cysts have also 
been frequently reported as familial, a clinical feature likely to cause further 
confusion. On the other hand, the frequent occurrence of benign calcifying 
epitheliomata near the eye, on the temple, and adjacent to the ear, suggests 
a similarity with dermoid cysts, as does their common occurrence in young 
people. 

As they are subcutaneous, it seemed likely that they might arise from a 
skin appendage. Turhan and Krainer (1942) suggested that these tumours 
arise from hair matrix cells, a view also held by Highman and Ogden (1944). 
This view received support from Lever and Griesemer (1949), who, in an 
extensive discussion of the histological features, differentiated benign calci- 
fying epitheliomata from calcified epidermal cysts, and pointed out that the 
latter contained squamous cells, whereas the former had basal cells. They 
thought that both could have ghost cells and become calcified. 

In the present series, there was no evidence to support or deny their origin 
from hair matrix cells and there was little to refute Cdté’s suggestion that 
this is a lesion sui generis. 


Summary 

35 examples of benign calcifying epithelioma are reported. Previous 
views on the age and sex distribution have been confirmed. No.recurrences 
were noted in a follow-up which ranged from 4 months to 9 years. 

The frequent occurrence of these tumours adjacent to the eye has been 
emphasized; some 80 per cent. of all the tumours occurred in the head and 
neck and of these nearly 50 per cent. were found near the eye. 

In some cases these tumours occur in families. 

The characteristic histological appearances are described and the aetiology 
discussed. 


I should like to thank the consultants of the United Oxford Hospitals for permission to use 
information from their case notes; Dr. A. H. T. Robb-Smith for allowing me to use histological 
material from his department; and Dr. W. C. D. Richards for much helpful advice. 
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CASE NOTES 


ELECTRICAL CATARACT PRODUCED BY A 
240-VOLT CURRENT* 


BY 


J. A. N. LOCK 
Royal Naval Hospital, Haslar, Gosport, Hants. 


Case Report 


A seaman aged 22 years fell whilst on duty on board a submarine on September 14, 1956, 
and struck his head on an electrical contact carrying 230-240 volts D.C. The circuit 
contained a 5-amp. fuse which was found to be intact after the accident. He sustained 
a superficial burn of the right eyebrow which healed satisfactorily. No injury to the 
eyes was noted and vision after the accident was stated to be normal. 

About October 25, 1956, whilst on sick leave, he first noticed blurring of vision in the 
right eye. On his return from leave on November 7, 1956, he was found to have a 
cataract in the right eye and was transferred to the Royal Naval Hospital, Haslar, for 
further treatment. 


Examination.—(November 9, 1956.) The left eye was normal with visual acuity 6/6. 
There was a healed burn just above the inner third of the right eyebrow, and visual acuity 
in the right eye was hand movements only. The right eye was white, and the right lens 
showed an immature cataract of very distinctive appearance. Immediately beneath the 
anterior lens capsule were numerous very small, dense, discrete opacities of various 
shapes. There were also several diffuse opacities in the deeper parts of the lens. Both 
types of opacity can be seen in the Figure (opposite). 


Treatment.—On January 9, 1957, a curette evacuation of the right lens was performed, 
as much as possible of the anterior lens capsule being removed with capsule forceps. 
Recovery was satisfactory and fittings for a contact lens were started as soon as possible. 


Follow-up.—The patient now (February 11, 1957) has a tolerance of 6 hours daily. 
Visual acuity in the right eye is 6/12 with the contact lens, and he has satisfactory binocular 
vision. . 

Discussion 

This case of electrical cataract is regarded as of interest in that it was 
caused by such a low voltage, 230-240, which is in the range of normal 
domestic electric supplies. The history of a 6 weeks’ latent period before 
the onset of symptoms and the appearance of the cataract are typical of 


previous descriptions of cataracts caused by electricity. 
I have been unable to trace any reference to a cataract caused by a current 





* Received for publication March 15, 1957. 
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FiGurE.—Lens opacities seen in slit-lamp beam. 


of such low voltage. Duke-Elder (1954), quoting numerous sources, 
mentions a range of 500—80,000 volts. 


My acknowledgements are due to the Medical Director General of the Navy for permission to 
publish this case, and to the Director of the Royal Naval Physiological Laboratory for assistance 
in obtaining the photograph. 


REFERENCE 
DukE-ELDeR, S. (1954). ‘‘Text-book of Ophthalmology’’, vol. 6, p. 6436. Kimpton, London. 
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CONGENITAL PTERYGIUM* 


BY 


MANMOHAN MALHOTRA 
Willingdon Hospital, New Delhi, India 


CONGENITAL pterygium is rarely recorded in the literature. The occurrence 
of such a disorder was seen in the right eye of a child. 


Case Report 


A boy aged 4 years was brought to the hospital on September 21, 1956, for examination 
of the right eye, as there was a fleshy pterygium growing from the inner angle of the 
palpebral fissure on to the cornea. The pterygium had been noticed at the time of birth. 
Apart from the grandmother, who had had a right pterygium commencing at the age of 
40, no other member of the family was affected in this way. 

The pterygium had remained almost stationary for 2 years, and had then started to 
grow and to encroach further on to the cornea. 


Examination.—The child was healthy in all respects and extremely active and intelligent. 
No other congenital abnormality was detected. 

A triangular fleshy mass with a blunt apex or head was seen growing upon the cornea 
for a distance of 3 mm. from the nasal side in the right eye. It was slightly hyperaemic. 
The cornea beyond the head showed no infiltration or opacity (Figure). The upper and 
lower margins of the triangular growth showed folds resembling a curtain overhanging 
the area of adhesion to the sclera and cornea. A probe could not be passed under the 


neck of the pterygium. 





Ficure.—Pterygium at nasal side of right eye has 
encroached 3 mm. on to the cornea. 


Treatment.—On September 27, 1956, the head was shaved off from the cornea and the 
base was undermined so as to expose the underlying sclera. The under surface of the 
growth and the area of adhesion was carbolized. The head was turned down, buried 
under the inferior part of the bulbar conjunctiva, and stitched in position by a mattress 
suture. The stitch was removed on the third day. 





* Received for publication January 4, 1957. 
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Discussion 

A pterygium may occur congenitally and may even be hereditary 
(Armaignac, 1914). It is suggested that a pterygium may be considered to 
be a sign of congenital degeneration or disorder of the corneal nerves of the 
particular segment, leading to degeneration of the overlying layers of the 
cornea. The conjunctival growth over the cornea is simply a compensatory 
reaction to fill in the defect. The presence of such a disorder in the foetus 
may only become evident later in life. 

If the degeneration is marked it appears clinically as a congenital pterygium. 
In other cases a pterygium appears later, through excitation by external 
influences, such as exposure to wind and dust, etc. 





Summary 


A case of congenital pterygium in the right eye in a young child is described. 
There was no evidence of hereditary transmission. The aetiology of the 
condition is discussed. 


I express my gratitude to Dr. N. C. Singhal of the Eye Department for his assistance and 
guidance, and to Col. B. K. Sheorey, Medical Superintendent, Willingdon Hospital, New Delhi, 
for kindly permitting me to publish this case. 
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NEW APPLIANCES* 


BY 


B. W. RYCROFT 
From the Corneo-Plastic Unit, Queen Victoria Hospital, East Grinstead, Sussex 


THE FOLLOWING instruments have been used at East Grinstead for a con- 
siderable period and have been of interest to visitors. 


1. Air Tubes 


The use of air to reconstitute the anterior chamber after cataract extraction or 


full-thickness keratoplasty is now an accepted procedure. In order to disturb the 
cataract section as little as possible, a fine, straight tube with a flattened, smooth 
end has been made.t The bore is 0:25 mm. in diameter and the flattened end is 
easily inserted between the lips of the incision without much separation (Fig. 1A). 


For full-thickness keratoplasty an angled tube is used (Fig. 1B). Here again the 


diameter is 0-25 mm. and the terminal 4 mm. are angled to 45° with the shaft 


so as to facilitate introduction between the edge of the graft and the host 
cornea. Very little separation of the edges is required to introduce the tube.{ 











Fic. 1. 

Sponges 

It is impossible to detect fine fibrils of wet cotton wool at operation and some 
may still adhere to incisions or graft bed even after forcible irrigation. Such 
fibrils have been seen in many clinics behind lamellar grafts and originate from 
cotton-wool pledgets or from the frayed edges of tetra swabs. 

For over 2 years no wool swabs have been used in the Corneo-Plastic Unit at 
East Grinstead; they have been entirely replaced by the use of the camel-hair 
brush and cellulose sponges. These sponges are made from a wood-pulp viscose$ 


* Received for publication March 3, 1957. 

+ By Ernst Grieshaber of Schaff! hausen. 

} This instrument is made by John Weiss & Son Ltd, of Lond 

§ This material is manufactured by Sponcel Ltd, 40, Chancery 1 Lane, London, W.C.2. 
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and the material absorbs up to 25 times its own weight of water. The sponge can 


be sterilized by boiling and repeatedly used; it can be cut into any required shape 
and does not fragment (Fig. 2). 





3, Suture Forceps 
It is fashionable to-day to use micro-silk for direct fixation of full-thickness 


grafts and Kalt 6/0 silk for overlay sutures. Conventional forceps are not suitable 
for securing such fine material and a special type has been devised to handle it.* 


These forceps have fine, rounded points without teeth, which enable the silk to be 
picked up cleanly from the surface of the cornea without fragmenting it. The 


ends of the forceps carry a long block without cross-hatching, since fine silk slips 
through the usual type of hatching. The block is 6 mm. long on the shaft of the 


forceps so that the silk can be readily picked up in mid-air. There is also a stop 
10 avoid springing open the ends of the forceps with excessive pressure: the spring 


is light and the narrow shaft is highly polished to facilitate the tying of small knots. 














Fic. 3. 


I am indebted to the instrument makers for their willing co-operation and their ready assistance. 
My thanks are also due to Mr. Gordon Clemetson of the Photographic Unit, Queen Victoria 
Hospital, East Grinstead, for the illustrations. 


* These forceps are made by C. W. Dixey & Son Ltd, of London. 
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TWO NEW SYNECHIA KNIVES* 


BY 
FRANK W. LAW 
London 


THE division of an anterior synechia may present considerable difficulty, 
especially when it is situated on the temporal side. In the first place it is 
often inconvenient to divide an adhesion to a curved surface with a straight 
blade; in the second, the nose presents an obstacle to the use of a straight- 
handled instrument. It is with these difficulties in view that these knives 
have been devised. 

For the division of a synechia on the nasal side, the approach is usually 
from a temporal corneal incision. For this purpose the new knife has a 
blade in line with the handle, but the cutting part is curved to a radius just 
less than that of the posterior surface of the cornea. The end is blunt; both 
sides have sharp cutting edges. 


t 





New knives Lang’s knives 








* Received for publication January 1, 1957. 
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For a temporal synechia with a nasal approach the blade is similarly 
curved, but the shaft bends at a right angle to join the handle; the knife 
can thus be manipulated by a rotatory movement, free of the obstruction 
presented by the nose. Again, the end is blunt and both edges sharp. 

The knives have been found extremely effective, safe, and easy in use; the 
technique is identical with that practised in the use of Lang’s twin knives, 
and the thickness of the shafts is similarly proportioned. In the illustration 
the right-hand knife (D) is Lang’s sharp twin; the next (C) is Lang’s blunt 
twin; the next (B) is the new knife for use on nasally-situated synechiae; 
the last (A) is that for temporal synechiae. 


The knives are made by Messrs. Weiss & Son of Oxford Street. I am indebted to the 
Department of Medical Illustration, Institute of Ophthalmology, for the photograph. 
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CORRESPONDENCE 


EXTRA-CONJUNCTIVAL ORBITAL IMPLANTS 


To the Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY 


Sirs—Having criticized Mr. Nairac’s original description of his procedure (Nairac, 
1954), on the grounds that implants should be completely buried, and that he had 
not allowed sufficient time to elapse before reporting his results, I must now hasten 
to thank him for the detailed way in which he has set out his results to date 
(Nairac, 1957) and to congratulate him upon the encouraging degree of success 
which he has so far obtained. At the same time, I do not feel that he is yet in a 
position to claim that he has disposed of criticisms made by Arruga and by myself. 
Any incompletely-buried orbital implant violates a biological law, and great 
caution must be exercised before passing mature judgement upon Mr. Nairac’s 
method. I would say that a minimum of one hundred implants would have to 
be followed up for a minimum of 5 years before a statistical evaluation and 
comparison with completely buried implants could usefully be made; of Mr 
Nairac’s 26 implants, only six have been at risk for as much as 3 to 34 years, too 
few for too short a period to satisfy these requirements. 


A further criticism of his method which emerges from a study of his recent 
paper is the amount of attention required by patients after the original operation. 
In seven cases, either superior or inferior rectus cut out and had to be re-sutured; 
granulations or threatened cellulitis or discharge were mentioned in connexion 
with a further seven cases; and trouble-free progress was maintained in only eleven 
of the 26 cases. The “morbidity” of these extra-conjunctival implants would 
therefore seem to be high, although the “mortality” to date is only one in 26! 

With regard to this principle of completely burying an implant, I have to admit 
that about 3 years ago we commenced the routine use of the Arruga one-pin type 
of implant (Arruga, 1953; Choyce, 1955). Although the implant is completely 
buried at the time of operation, after 1 to 2 months the metallic pin works through 
the overlying Tenon’s capsule and conjunctiva, projecting into the socket and 
articulating directly with a suitable prosthesis. We have inserted thirteen such 
implants; there have been no complications, no further operations, and no 
extrusions or removals to date, and the cosmetic results are excellent. We are 
therefore continuing with this type of implant to the exclusion of others. We 
hope to publish a more detailed study when a substantial number can be reviewed, 
and after a 5-year period. 


At the same time, I should again like to congratulate Mr. Nairac on his admirable 
results so far, with particular reference to the eleven cases out of the 26 under the 
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age of 20. I look forward to hearing the subsequent fortunes of these cases at a 
still later date. 

Yours faithfully, 
33 WIMPOLE STREET, D. P. CHOYCE 
LONDON, W.1. 
11 March, 1957. 
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BOOK REVIEW 


Developmental Abnormalities of the Eye. By Ida Mann. Second edition, 1957. Pp. 419, 
284 figs (66 col.). British Medical Association, London. (90s.) 


When Ida Mann’s Developmental Abnormalities of the Eye appeared in 1937, the book 
was hailed as unique, a logical sequel to her Development of the Human Eye which had 
been published 6 years earlier. The book was a good one, each abnormality was accurately 
described and pictorially illustrated, and its pathogenesis fully discussed; in such discus- 
sions the author, while giving fair credit to the numerous hypotheses associated with the 
incidence of many conditions, always stated her own views, which were usually based on 
a profound and almost unrivalled knowledge of ocular embryology and its aberrations, 
and only very occasionally on feminine intuition. This excellent book has long been out 
of print and a second edition has now appeared, essentially based on its predecessor, 
but including the new additions to our knowledge which have accrued in the interim. 
The book is an excellent one, full of information and sound teaching and fun to read; 
moreover, the illustrations, many from the author’s own hand, are excellent and 
informative. As a monograph on this subject it is unique in the English language. 


BOOKS RECEIVED 
The following books have been received and will be abstracted in Ophthalmic Literature, 
Volume 11, No. 1: 
Emmetropia and its Aberrations. By A. Sorsby, B. Benjamin, J. B. Davey, M. 
Sheridan, and J. M. Tanner. 1957. Pp. 69, 10 figs, 16 tab., 3 appendices. Medical 
Research Council Special Report Series, No. 293. H.M.S.O., London. 


Modern Problems in Ophthalmology, Vol. 1. Edited by E. B. Strieff and J. Babel. 
1957. Pp. 740, 220 figs (inc. 11 pl., 4 col.). Karger, Basel. (Swiss Frs 60.) 


NOTES 


INTERNATIONAL COUNCIL OF OPHTHALMOLOGY 


The following were present at the annual meeting held in London at the Royal College 
of Surgeons on April 10, 1957. 


Duke-Elder (President), Berens (Vice-President), Hartmann (Secretary), Amsler (Treasurer). 

Alvaro (Brazil), Arruga (Spain), Bietti (Italy), Charamis (Greece), Coppez (Belgium), 
Franceschetti (Switzerland), Lyle (Great Britain), Marshall (Canada), Palomino Dena (Mexico), 
Paufique (France), Samuels (U.S.A.), Thiel (Germany), Weve (Holland). 

Copper (co-opted Secretary in charge of Index Ophthalmologicus) and Francois (Secretary- 
General, XVIII International Congress, Brussels). 
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Regrets were expressed for the death of Sir Jamshedji Duggan who had represented Asia 
on the International Council; and congratulations were sent to Professor Marquez in 
Mexico, the President of the XIV International Congress in Madrid in 1933, on the 
attainment of his 85th birthday. 

TREASURER’S REPORT.—This showed that the finances of the council were in a healthy 
condition, most countries internationally federated having paid their dues. It was re- 
ported that the Department of Health at Washington had given a grant of 10,000 dollars 
towards the organizational expenses of the XVIII Congress in Brussels and to aid in the 
publication of the Proceedings. This gift was warmly welcomed. 

GONIN MEDAL, 1958.—This was awarded to Professor Alan Woods (Baltimore). 


Statutes of the International Federation, of the International Council, and Rules for 
running International Congresses were considered in detail. It may be recalled that these 
were provisionally adopted at the International Congress in 1954; the revised rules will be 
supplied to all delegates of the federated ophthalmological societies throughout the world, 
and it is hoped that these rules will be finally adopted in the Congress at Brussels in 1958. 

REPORT OF THE COMMITTEE FOR THE TESTING OF COLOUR VISION IN TRANSPORT 
WorkKERS.—This was passed unanimously. Pseudo-isochromatic plates are recommended 
as a means of testing, either those of Ishihara or the Swedish test of Bostrém of 1950. 
This will be brought up for confirmation at the meeting of the Federation in 1958. 

POLYGLOT DICTIONARY OF OPHTHALMOLOGICAL TERMS.—This publication is now at a 
far advanced stage of preparation and it is hoped that it will be available for sale at the 
Congress in Brussels. The Dictionary is in five languages: English, French, German, 
Latin, and Spanish. 

SupRA-NATIONAL SOCIETIES (groupings of regionally related nations).—The affiliation of 
these societies with the International Council was considered. It will be remembered that 
the Pan-American Association of Ophthalmology is associated with the Council in this 
way and sends a representative to its meetings. The progress of the development of a 
corresponding Pan-European Society of Ophthalmology was considered, and the Council 
decided to wait its further development during the next year in the hope that the Federation 
would agree to its affiliation also. There is a similar movement on foot to form an Asia- 
Pacific Academy of Ophthalmology representing nations bordering the Pacific Ocean; the 
Council also hopes that the organization of this new body would have advanced suf- 
ficiently to be given consideration in 1958. 

POLISH AND RUMANIAN OPHTHALMOLOGICAL SOCIETIES.—A request for their admission 
to the Federation was received, to which the Council agreed subject to the completion 
of the necessary formalities. 

SUB-COMMITTEE TO DECIDE ON METHODS OF INVITING DELEGATES TO INTERNATIONAL 
CONGRESSES.—A report was received and adopted. In essence it was decided that 
invitations could be made through diplomatic channels or, alternatively, the consent of the 
Government of the host country having been obtained, through ophthalmological 
channels, whichever method was easier in any particular case. 

CLINICAL RESEARCH.—A suggestion that this should be correlated in different countries 
throughout the world by the International Council was discussed, but a decision was 
postponed until the next meeting of the Council. 

XVIII INTERNATIONAL CONGRESS, BRUSSELS, SEPTEMBER, 1958.—The President (Coppez) 
and the Secretary-General (Francois) reported on the progress of their arrangements. It 
would appear that from both the scientific and the social points of view the meeting 
promises to be a success. 

CENTENARY OF INTERNATIONAL OPHTHALMOLOGY.—Since the first International Con- 
gress had been held in 1856, the President had been charged in 1956 to write a short 
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history of the first hundred years of international ophthalmological relationships. The 
proofs of this book were laid on the table and it was decided that the Council should 
present it as a gift to delegates attending the International Congress in 1958; thereafter the 
book will be sold on the open market. 


INDEX OPHTHALMOLOGICUS For 1958.—A report was received from Copper that 
preparations for the publication of this volume are well in hand, and that it will comprise 
some 350 pages. Arrangements have been made for it to be distributed free to all 
delegates to the International Congress. It was also noted that some 1,000 copies of the 
Index Ophthalmologicus, 1954 were still unsold, and it was decided that a copy of the old 
Index would be sent free of charge to any ophthalmologist who applied for it. 


PROFESSIONAL ASSOCIATION OF GERMAN OPHTHALMOLOGISTS.—The President of this 
association appealed to the Council to put on record their opinion, initially stated in 
1933, that refraction of the eye was essentially a medical act which should be performed by 
medically-qualified people; this the Council confirmed. 


GERMAN OPHTHALMOLOGICAL SOcIETY.—This society will celebrate its hundredth 
anniversary in September, 1957. All members of the Council were cordially invited by 
Thiel to take part in the centenary meeting. 


The next meeting of the International Council is to be held in Brussels on September 6, 
1958. 


PERCIVAL J. HAY MEMORIAL PRIZE 


Competitors are required to submit work of an ophthalmological nature or having a 
direct bearing on ophthalmology in the form of an original essay, paper, or demonstra- 
tion, or in such other form as the Trustees approve, either previously unpublished or 
published in a recognized ophthalmological, medical, or scientific journal within the 
2 years preceding the closing date of entry for the competition. 

The prize shall take the form of a plaque or other tangible memento and a sum of 
money, the amount of which will be determined by the Committee. The winner is 
recommended to use the prize for the purpose of financing a visit to one or more continental 
centres. He will not, however, be under any compulsion to report on his tour. 

It shall be a condition of entry that competitors undertake, if so required by the 
Committee, to read or demonstrate their entries, whether successful or not, before a meet- 
ing of the North of England Ophthalmological Society to be held in the year of the 
competition. 

Closing date for entry December 31, 1957. 

Further information may be obtained from The Hon. Secretary, North of England 
Ophthalmological Society, 33 Manor Row, Bradford, 1. 


UNIVERSITY OF TORONTO 


A most significant and generous contribution for research in the diseases of the eye 
has been given to the University of Toronto by Herbert G. Stapells, Q.C., Toronto 
corporation lawyer. 

His donation of $25,000 will be used for clinical research by members of the staff of 
the Department of Ophthalmology in the University’s teaching hospitals, and also to 
defray the expenses of staff members for short periods of study in other research centres. 

The Department has received large support from government sources for its eye research 
programme, but few private individuals have supported clinical eye research to such an 
extent. 
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THE QUEEN VICTORIA HosPITAL, EAST GRINSTEAD, SUSSEX 


Corneo-Plastic Unit and Regional Eye Bank 


A Travelling Scholarship Fund has been generously founded by Sir Edward and Lady 
Baron at the Corneo-Plastic Unit and Regional Eye Bank, Queen Victoria Hospital, East 


Grinstead. 
It is intended that this Fund shall be used to enable junior members of the staff to visit 


foreign clinics and to continue their special studies of the joint problems of plastic and 
ophthalmic surgery. 


PoOsTGRADUATE COURSE IN INDUSTRIAL OPHTHALMOLOGY 


This course, which is to be held at the Birmingham and Midland Eye Hospital, from 
September 23 to 27, 1957, is designed for ophthalmologists and industrial medical officers, 
but is open to all medical practitioners. It will include clinical demonstrations, lectures 
on industrial diseases and injuries, and visits to local factories and to the Burns Unit of 
the Birmingham Accident Hospital. 

Further information may be obtained from the Secretary, Industrial Ophthalmology 
Course, Birmingham and Midland Eye Hospital, Church Street, Birmingham, 3. 


Honours 


H.M. King Hussein of the Hashemite Kingdom of Jordan has decorated Sir Stewart 
Duke-Elder with the Order of the Star of Jordan (First Class) in view of his services to 
Jordan as Hospitaller of the Order of St John of Jerusalem. 

Sir Stewart Duke-Elder was presented with the Ophthalmiatreion Medal in Athens in 
March, 1957, and was made Honorary President of the Greek Ophthalmological Society. 


OBITUARY 


CECIL BRIAN FORSAYETH TIVY 


Mr. C. B. F. Trvy, consulting surgeon to the Plymouth Royal Eye Hospital and consulting 
ophthalmic surgeon to the Prince of Wales’s Hospital, Plymouth, died at his home near 
Brixham, Devon, on February 27, at the age of 76. He was born at Cork and educated 
at the old Queen’s College there, graduating M.B., B.Ch. from the former Royal University 
of Ireland in 1903. Four years later he proceeded M.Ch. After graduation he held 
various house appointments before going into general practice at Brixham in 1908. He 
had always been interested in eye work, however, and after his war service he took this 
up, becoming a clinical assistant in Moorfields early in 1919. At the end of 1919 he joined 
the late Mr. J. R. Rolston in ophthalmic practice in Plymouth and was appointed honorary 
surgeon to the Plymouth Royal Eye Hospital in 1925. He also became consulting 
ophthalmic surgeon to the Prince of Wales’s Hospital and the City Hospital, Plymouth, 
and the Royal Albert Hospital, Devonport. He retired from hospital work in 1946 but 


remained in practice until 1948. He leaves a widow and two daughters. 








